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1
1 Introduction
Please allow me to introduce myself...
Jagger and Richards (1968)
Sympathy for the devil
London: ABKCO Music
1.1 How I got involved in educational research
1.1.1 My own education
As far as I can remember, I have never seriously thought about education during my 22-
year educational career from kindergarten till graduation in theoretical physics.
Thinking back about my secondary school years, the best I can say is that I tried to have
as much fun as possible and at the same time to meet the required standards as well as
possible. The thoughts I had about education were the usual doubts about why we had to
learn a quite extensive German-Dutch translation manual by heart, why some teachers
always gave that much homework or why I should pay attention to teachers that were
very boring. Furthermore, I found out that I was good at mathematics. I wondered what
the purpose of Latin was. I disliked chemistry, though I was good at it. I liked physics
and was good at it, but did not really wonder what it was good for. Nice teacher, easy
test, good mark, interesting subject, total class disorder; in such terms (and their
opposites) my classmates and I talked about the education we enjoyed (and its opposite).
   Simply for the reason that I was good at it and liked it, I chose to study physics. I did
not want to become a physics teacher. In fact, until the last year of my study of physics I
had never thought about a future career whatsoever. If anything, I just wanted to
become an Einstein. Though I have failed at the last point, I did find satisfaction in my
study. I simply liked most of the subject matter. Again I didn't have any deep thoughts
about the education I was exposed to at university. Of course I wondered what was the
point of attending lectures when all the lecturers did was read the syllabus, but mostly I
faithfully attended just to keep track. I guess I was too busy trying to understand, doing
exercises and preparing for examinations to seriously think about education itself.
1.1.2 Teacher training
Now, how could someone whose thoughts about education had never ran any deeper
than sketched above get involved in educational research? And some people might even
ask: how could someone who graduated in theoretical physics sink that low? The roots
of the answers to these questions are to be found in the teacher training I followed
during the last year of my study. (Not that I had finally made up my mind and decided
to become a teacher. My reasons, if that is the right word, for doing teacher training
were rather something like: one never knows, just in case, it will do no harm. More-
over, it was the last chance to get a teacher certificate relatively easy. From the next
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year on, teacher training would be extended from four months to twelve months.)
During teacher training I was forced, for the first time in my life, to think about
education itself, or at least about physics education. What is its purpose? What of
physics should be taught in secondary school, why and how? These questions were of
too general a level, however. I didn't really relate to them. As a student teacher I faced
different problems. Apart from the usual order problems, my major initial problem was
caused by the fact that I had to teach at a school where the PLON-curriculum was being
used. Without going into the details of the PLON-curriculum (for more on PLON, see,
e.g., Eijkelhof & Kortland, 1988), I just mention that one of its aims is to relate physics
to everyday life contexts. So I had to teach about bridges: what kinds of shape they
have, why they are built as they are, why one construction is better than another, etc -
and I didn't know anything about that. So instead of teaching about bridges, I felt that I
really ought to be learning about them. I hardly understood what I was supposed to teach
and was afraid that I would not be able to answer any smart questions. In short, I felt I
was a slave rather than a master of the subject matter. The pressure was somewhat
released when it turned out that my fellow student teachers had the very same problems
and that I could easily bluff my way out of the few smart questions the pupils actually
asked. Still it was a kind of shock to me to find out that, no matter how much
knowledge of physics I had (or thought I had), I was hardly able to apply that knowledge
to relatively simple real life situations. In fact, I realised that never before I had had to
apply, or even had felt the need to apply, my knowledge of physics to the ordinary
things of everyday life. When I was taught mechanics, of course I had to do numerous
exercises about situations involving cars, trains, etc. These situations, however, were
not real life situations, but more or less artificial situations that were purposefully
designed in such a way that Newton's laws could be straightforwardly applied to them;
mention of cars, trains, etc, was rather an ornament than an essential ingredient.
This was the first blow that made me wonder what my knowledge of physics was worth;
whether it is of any worth to teach pupils, the vast majority of which will not be
physicists, scientific knowledge that is far remote from everyday life; and whether
scientific knowledge really contributes to a better understanding of the things pupils
encounter in their daily life. These considerations became even more significant when
during teacher training I learned, by reading articles and interviewing pupils, that pupils
do have their own ideas about the way things are and go; that these ideas are suited to
the purposes of everyday life; and that a lot of these ideas, which often seem to be at
variance with scientific knowledge, survive education. Quite often, I also found myself
attracted to the things that pupils say. My response to the question what makes a car go
forward, for example, was the same as what many pupils answer: it is the motor of the
car that supplies a forward force.
   All these experiences made me interested in physics education. What does an under-
standing of physics consist in? Is it the ability to manipulate formulas, the ability to
relate physical knowledge to the real world, or something else? And how could pupils
reach an understanding of physics, whatever it is? As a student teacher, however, I was
not able to connect this aroused interest with my teaching. I simply tried to explain the
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subject matter as clearly as possible and tried to create as pleasant a working climate as
possible. And that was hard enough. But when, after graduation, I had the opportunity
of becoming an assistant in a research project on physics education, I grabbed it with
both hands.
1.2 First steps in educational research
1.2.1 Radiation and risk in physics education
For one and a half years I was an assistant in Harrie Eijkelhof's research project on
radiation and risk in physics education (Eijkelhof, 1990). The point of departure for this
research project were the results of a pilot study on the PLON-unit Ionizing Radiation
(PLON, 1984, 1988). The specific aim of this unit, which is aimed at pupils in the top
classes of secondary physics education, is to increase "pupils' ability to assess the risks
of ionizing radiation in various fields of application which they might come across, now
and in the future" (Eijkelhof, 1990, p.10). The relevant experiences with the unit were
that "preconceptions did exist among pupils, both before and after teaching this topic
[and that] pupils did not make much progress in reasoning about the risks of radiation"
(ibid, p.9).
   I was involved in studies on pupils' ideas and on teaching and learning problems. I
analyzed pupils' answers to a questionnaire about Chernobyl; I participated in exploring
pupils' ideas in several context domains of ionizing radiation by means of interviews;
and I observed and analyzed a series of lessons in which the PLON-unit Ionizing
Radiation was used. Below I describe in general terms some of the things I learned from
participating in these studies.
1.2.2 Pupils' ideas
I think that any virgin investigator of pupils' ideas is initially impressed and excited by
the fact that pupils say things that a scientist would not say or that even seem to be in
flagrant contradiction with what a scientist would say, and from this fact tends to
conclude that pupils have ideas of their own that are at variance with scientific ideas.
These points can be illustrated by the enormous amount of research into misconceptions,
i.e., both by the term misconception and by the enormous amount. As a virgin investiga-
tor I would classify as pupils' ideas: "after the Chernobyl accident, the radiation was
blown towards the Netherlands and then it came down with the rain;" "after the
Chernobyl accident we were not allowed to eat spinach, because the radiation had gone
inside;" "it is not safe to eat irradiated food, because a bit of radiation will remain in the
food." And after I had seen lots of similar utterances, I would characterize pupils' ideas
as showing a lack of distinction between radioactive material and radiation or between
irradiation and contamination. After a while, however, I was becoming increasingly
dissatisfied with these classifications and characterizations, because they only stated
what pupils were not saying, namely the scientifically correct thing: pupils did not say
that it was in fact radioactive material that was transported; they did not say that
radiation doesn't remain in irradiated food; they did not make a distinction between
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contamination and irradiation, etc. The reason for my dissatisfaction with these negative
descriptions was that I failed to see of what use they might possibly be for education.
For if we are to give serious application to the idea that any education should start from
where pupils are, a description of where they are not is of little help. Somehow a
positive interpretation of what the pupils are saying should be delivered. This is one line
of thought that will be further developed in this thesis.
From the participation in the research on pupils' ideas I also learned that it is all too
easy to lose oneself in details. In the questionnaire about Chernobyl, for example, we
asked pupils why in some countries iodine tablets had been distributed. Some pupils
answered that iodine works against radiation or radioactivity by neutralizing or dissolv-
ing it or by converting it into something non-radioactive. Others answered that iodine
protects the body just like a lead wall. Still others claimed that iodine increases the
body's resistance, for instance by developing anti-bodies. Now one could make some-
thing big of all this talk about neutralizing, dissolving, converting, lead walls or develo-
ping anti-bodies and classify all the answers as ideas pupils do have, but what would be
the point of that? For one thing, no matter how long we make the list, it will never be
exhaustive. And secondly, even if the list were exhaustive, it still would not enable us
and teachers to positively interpret pupils. A more fruitful proposal, I came to believe,
is to try to grasp some general notion on which most pupils seem to agree and to allow
them to differ on the details. In the example just discussed this general notion might be
the notion of resistance: iodine, in one way or another, increases the resistance against
radiation or radioactivity. I agreed with what Anderson (1986) had written about
research on pupils' ideas: "There is a need to find common elements in the seemingly
quite disparate research results, in order that the various findings form a cohesive group,
and also to achieve a deeper understanding of the pupils' reasoning." This is a second
line of thought that will be further developed in this thesis. It will also be related to the
idea of positive interpretation.
1.2.3 Teaching and learning
Like it was in the description of research on misconceptions above, lack of positive
interpretation might also be the key phrase to describe the PLON-unit Ionizing Radiation
and the way it had been taught in the one class I observed. The way the unit is struc-
tured reflects a concern for a clear exhibition of the scientific facts: it starts from first
principles (atomic and nuclear models); subsequently it provides descriptions of relevant
entities (unstable nuclei, kinds of radiation) and explanations of relevant phenomena
(decay, ionization) in terms of these principles; and finally it relates these entities and
phenomena to applications (nuclear energy, health care). Furthermore, this exhibition is
served piecemeal and each piece is followed by a number of exercises in which the
pupils are given the opportunity to digest what they have just taken in.
   There seems to be little concern, however, for the way pupils will interpret the texts
and exercises, given what they already know and believe. I will now describe one of the
many examples of what that may lead to. As noted before, many pupils say that when a
person is irradiated some of the radiation remains in the body and that it will cause
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damage as long as it is inside the body. Most pupils also say that radiation can be
stopped, for instance by lead walls. If I attributed these kinds of ideas to one of the
pupils (Eric) in the observed class, I could understand why he interpreted the unit's
presentation of the properties of the various kinds of radiation as he did. Eric understood
why alpha-radiation outside the body won't do any harm. He used the same argument as
the unit: alpha-radiation cannot penetrate human skin, so it will never get inside the
body. Eric was also able to understand why alpha-radiation, once inside the body, is the
most dangerous. Again he used the same argument: once it is inside the body, alpha-
radiation cannot get out because it cannot penetrate the skin. The alpha-radiation
remains inside the body and will cause severe damage by means of ionization. If,
however, beta- or gamma-radiation were inside the body, they would get out again
because they can penetrate the skin. This interpretation explains why Eric had misinter-
preted the unit's presentation of the properties of the various kinds of radiation, but to
make it work I had to attribute some beliefs to Eric: that radiation can be stopped, that it
remains in the body, that it causes damage as long as it is inside. And in the process of
explaining, I implicitly also delivered an account of how the unit's presentation had
modified his beliefs: there are several kinds of radiation; the different kinds of radiation
have a different penetrating power; alpha-radiation is already stopped by human skin;
not all kinds of radiation remain in the body, only alpha-radiation does; damage is done
by means of ionization. According to this interpretation Eric had surely learned
something, as is manifested by the modification of his beliefs. It is clear, I hope, that
this learning result was not intended by the unit.
I have tried to give an example of how an intervention that doesn't take into account
how pupils will interpret it on the basis of what they already know and believe, may
lead to pupils' misinterpreting the intervention and to unintended learning results. As I
said before, this example does not stand alone. In the lessons I observed I found many
similar cases, and from the literature I learned of numerous examples of the survival of
pupils' ideas or, as in Eric's case, a slightly modified survival. By attributing a set of
beliefs to a pupil in the above example, I also tried to give an explanation of the
unintended interpretation of the intervention and of the unintended learning results. I am
convinced that a similar kind of explanation will work for most examples of unintended
interpretations and learning results.
   But of course explanations of negative or unintended results are not interesting in
themselves. They are only useful in as far as they can help us in finding a way to
construct interventions that will lead to intended results. I think they do suggest such a
way. Suppose we know (or have a reasonable picture of) what pupils' beliefs are. Then
we can make reasonable assumptions about how they will interpret an intervention and
also make reasonable predictions about how their beliefs will be modified in the course
of that intervention. The next intervention should then be based on our knowledge (or
expectations about) what the modified beliefs are, etc. Although this sketch of a
proposal that tries to take into account where pupils are is vague, it does have the
consequence that the burden of the construction of interventions is shifted towards the
beginning, to the very first intervention(s), to how to begin. It seemed highly unlikely to
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me that starting with a presentation of first principles (atomic and nuclear models), like
in the PLON-unit (and nearly all other textbooks), is the appropriate way to begin the
topic of radioactivity. So I began to think about an approach that is not based on micro-
level descriptions and explanations. This line of thought, connected with the proposal
sketched above, will be further pursued in this thesis.
The way the teacher taught the PLON-unit Ionizing Radiation in the one class I observed
only amplified the lack of positive interpretation that is already present in the unit itself.
I think the situation can be best described by noting that there was no real interaction or
communication between teacher and pupils. The teacher mainly confined himself to
explaining the theory and presenting the right answers to the exercises. Of course the
pupils did ask questions, but then the teacher normally would not try to find out why a
question had been asked but would rather give the right answer straightaway. Further-
more, there was an emphasis on tricks to solve exercises: how to solve for n and X in
226Ra 6 nX + 4He; how to do calculations with half-life, etc. I do not mean to say, of
course, that the teacher was unsympathetic or didn't care for the pupils' well-being. I do
realize that teachers in senior high schools have to work under the heavy pressure of
examination programmes with prescribed attainment targets and I know that in the
exams there is an emphasis on problem-solving. So it is in the interest of pupils, in order
that they pass their exams, that they are trained in producing the required answers and in
using the appropriate tricks. I can understand why the teacher taught as he did.
   On the basis of my experiences as a pupil, student and research assistant, I gradually
came to take the position that this kind of education contributes to verbalism and
formalism and not really to insight. But what is more important, I started to believe that
education would be much more exciting, challenging and interesting, both for pupils and
teachers, if they really did interact and communicate and if the exams didn't dangle so
frightfully above their heads as a sword of Damocles all the time.
1.3 My PhD-study
1.3.1 Aim
As may be clear from what I have written above, I was full of ideas at the end of my
appointment as a research assistant, and my interest in educational research had only
increased. So I applied to become a PhD-student, the application was honoured and I
could start as a PhD-student in July 1988. As then formulated, the aim of the study was:
to develop a constructivist theory for contextual physics education for middle
ability pupils about radioactivity and atomic models.
The main reason why the topic 'radioactivity and atomic models' had been chosen was
rather pragmatic. As a research assistant I had been working on the same topic and I had
already developed some ideas about it. So I could make some sort of a flying start and
that might considerably enhance my chances of reaching the finish. A secondary reason
for the topic, and a reason for the target group of middle ability pupils, was that around
that time a new examination programme for the middle ability stream, which included
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'radioactivity and atomic models' as a new topic, was to be implemented.
   Another feature of the new examination programme was the shift towards contextual
physics it aims at. Physics should more than before be related to everyday life contexts
and to applications. This is one of the reasons for the appearance of the word 'contex-
tual' in the above formulation. Another reason is that the group I was working in had a
long-standing tradition of promoting, developing and implementing contextual physics
education: the PLON-curriculum is the group's brainchild.
   Constructivism, finally, was certainly en vogue at the time (and still is), as might be
illustrated by the extensive body of literature on it. It would have been a sign of
ignorance if 'constructivism' was not somehow mentioned in the aim of the study. On
the issue of what kind of education constructivism stands for, however, there seemed to
be nearly as many views as there were researchers. One common element that is
apparent in the literature is that it refers to an attitude to seriously take into account
what pupils know -an attitude to be exhibited by teachers in their practice, by curricu-
lum devisers in writing materials, and by researches in their evaluation of educational
practice. I think there is more widespread agreement on what constructivism is not: it
does not stand for education that treats pupils as black boxes (as in behaviouristic
approaches) or as empty boxes (as in extreme forms of didactic teaching).
At the time, I could find myself in the above formulation of the aim of my PhD-study. It
would enable me to elaborate and interrelate the kind of ideas I developed when I was a
research assistant: positive interpretation, establishing real interaction and communic-
ation, not starting from first principles, etc. The latter point seemed to be very urgent,
because it is well-known that many pupils have severe difficulties with particle ideas and
with relating those to macroscopic phenomena (e.g., Lijnse et al, 1990). Furthermore, if
we really wanted to make a case of seriously taking into account where pupils are, we
would certainly have to pay attention to the everyday life contexts and applications that
pupils are familiar with. My only concern was that the examination programme was
going to be too heavy a burden. Somehow I had to find a way to meet its requirements,
while leaving enough room for experimentation.
1.3.2 Design
My PhD-study can roughly be divided in four periods: an orientation; a first round of
writing, trying and evaluating materials; a second round of writing, trying and evaluat-
ing materials; writing this thesis. In the first period, which took about a year, I oriented
myself towards middle ability pupils and their ideas about radioactivity and particles. I
also familiarized myself with current teaching practice at the bottom classes of second-
ary schools for the middle ability streams. I observed a series of lessons in which a unit
on the topic of radioactivity was used that is specifically aimed at middle ability pupils.
I devised some 'constructivist interventions' that were tried out by a teacher. This first
period can best be described as a floundering and pottering period.
   The second and third period, each of which took about a year, had the familiar pattern
of developmental research (see, e.g., Gravemeijer, 1994): writing materials, writing
down expectations, observing lessons with the materials, evaluating the materials in the
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light of the expectations, rewriting the materials in the light of the evaluation, etc. In the
second period, the one teacher who was going to participate in this action research and I
also spent a considerable amount of time on getting acquainted with each other and with
each other's work.
1.4 Outline of this thesis
Chapters 2 and 3 are a direct continuation of lines mentioned above. Chapter 2 is about
positively interpreting what pupils say, in particular about situations having to do with
radioactivity. In chapter 3 I bring forward, and argue against, the common tendency to
base a treatment of the topic of radioactivity upon micro-level explanations.
   Chapter 4 and appendix 1 are of a general, philosophical and methodological nature.
In here I present a theory of interpretation that is based on the work of the philosopher
Davidson, and that has served as a general background and source of inspiration for my
thinking about matters relating to science education.
In chapter 5 I continue the 'teaching and learning'-line mentioned above, by exploring
the possibilities for improving science educational practice at a content-specific level. I
will argue that these possibilities are to be sought in appropriately taking into account
the content-directed evaluative attitudes (desires, aims, interests, etc). That is, as far as
the cognitive attitudes are concerned it will be argued that pupils' science learning
should be thought of as a process in which they, by drawing on their existing conceptual
resources, experiential base and belief system, come to add to those. What I think needs
to be added to this is that, if the process is to make sense to them, pupils must also be
made to want to add to those, in a way that leads to a proper understanding of science.
An approach to science education that explicitly aims at this I call problem-posing.
   I also suggest that this programmatic view of the possibilities for improving science
educational practice at a content-specific level is to be further explored and empirically
realized by science educational research. The results of this research will consist of
empirically based didactical structures, roughly: examples of good science education.
   In the remaining chapters I take a few steps in this direction. In chapter 6 I present
some ideas that are based on the work of van Hiele and ten Voorde, and of which it will
be argued that they are of heuristic value in outlining a didactical structure at a global
level. In chapter 7 I discuss some aspects of the process of constructing and recon-
structing a didactical structure. In chapters 8 and 9 (which are companion chapters) I
present and evaluate a concrete didactical structure, namely of the topic of radioactivity.
In chapter 11 I make some suggestions for the construction of other didactical structures.
   Chapter 10 concerns the teacher, both the teacher with whom I have cooperated quite
intensively and, more generally, the role of the teacher in a problem-posing approach.
Another way to outline this thesis is by means of the following four main themes.
Firstly, there is a general, philosophical and methodological theme, which is to be found
in chapter 4 and appendix 1. Secondly, there is a didactical theme concerning science
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education in general, which is addressed in section 2.2, and chapters 5, 6, 7 and 11.
Thirdly, there is a more specific didactical theme that concerns the learning and
teaching of the topic of radioactivity, which is treated in sections 2.3 to 2.5, and
chapters 3, 8 and 9. The final theme concerns the role of the teacher, which is the
subject of chapter 10.
      
9
2 Orientation towards pupils' beliefs about
radioactivity
The identification of misconceptions or 'alternative'
ideas usually points at a misinterpretation.
2.1 Introduction
In chapter 1, I have committed myself to an attitude to seriously take into account where
pupils are in the construction of classroom interventions. I have also noted that in the 
construction of especially the early interventions in a unit on some topic, we should
somehow take into account what pupils' beliefs about that particular topic are before it
is formally taught. Since I was going to devise a unit on radioactivity for middle ability
pupils, I did some research on those pupils' beliefs about radioactivity before formal
education on the topic. This chapter reports on that research.1)
   In section 2.3, I review previous research on pupils' ideas about radioactivity and
especially the findings of Harrie Eijkelhof (1990). As far as his research on pupils' ideas
is concerned, Eijkelhof has confined himself to senior high school pupils. I have done
the same kind of interviews with middle ability pupils as Eijkelhof and his assistants (of
whom I was one) have done with senior high school pupils. In section 2.4 the design of
the interviews is described, and what the middle ability pupils said is reported and
compared to what Eijkelhof had found.
   For me, reporting what pupils have truly uttered is not the same as reporting what
they believe. Going from the former to the latter is an important step in what I call
interpretation -a step, moreover, in which we unavoidably face the problem that is
described, along with some principles to solve it, in section 2.2. In section 2.5 I try to
apply the lesson of section 2.2 to what is reported in section 2.4 in order to give an
interpretation of what the middle ability pupils said.
2.2 The problem of interpretation
2.2.1 The interdependence of belief and meaning
As is usual in interview studies that try to probe pupils' understandings, "the interviewer
has the task of trying to extract information from the student, follow up certain
comments he makes, reduce the embarrassment of extended periods of silence, and
                                        
1. Some preliminary ideas about the subject of this chapter can be found in Klaassen et al (1990) and Millar et al
(1990).
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clarify a student's thinking. However, all this must be done without putting words into
the student's mouth, providing cues and information which will bias a student's
subsequent answer" (Osborne & Gilbert, 1980). So the interviewer usually emphasizes
that the interviewees can say whatever they think is true, that they are not going to be
judged, that the interview is not an oral examination, etc. In short, the interviewer tries
to create such an atmosphere that the interviewees can be taken to hold true what they
say. This does not yet settle the matter of what they have asserted, however: we still
have to interpret that. We have only tried to secure that we can interpret them on the
basis that they do hold true what they have uttered. And if we want to interpret them
positively, this raises a problem.
A central source of trouble is the way beliefs and meanings conspire to account for
utterances. A speaker who holds a sentence to be true on an occasion does so in part
because of what he means, or would mean, by an utterance of that sentence, and in
part because of what he believes. (Davidson, 1984a, p.142)
[T]he sentences that correspond to beliefs are (1) sentences held true by someone, and
(2) sentences that have an interpretation. Someone else can know what I believe if he
knows what sentences I hold true, and what those sentences mean. (Davidson, 1986a)
[I]f we merely know that someone holds a certain sentence to be true, we know neither
what he means by the sentence nor what belief his holding it true represents. His
holding the sentence true is thus the vector of two forces: the problem of interpretation
is to abstract from the evidence [what sentences he holds true] a workable theory of
meaning and an acceptable theory of belief. (Davidson, 1984a, p.196)
This problem of interpretation arises if we do not take identity of meaning for granted, if
we do not assume that a speaker uses his words as we do, if we do not want our
interpretation to simply consist in the statement that a student says something a scientist
would not say. In short, this problem of interpretation necessarily and unavoidably
emerges in the context of positive interpretation. So the problem is not only relevant to
philosophers, like Davidson, but also to science educators. For what are pupils trying to
say when in their talk they use words like 'force,' 'energy' and the like? It is clear from
the literature (e.g., Driver, Guesne & Tiberghien, 1985) that they use these words in
another sense than scientists. But what are they trying to say when they use these words
in their talk about fired cannonballs, dropped basketballs or tossed coins. And how are
we to determine that from their utterances?
2.2.2 Solving the problem of interpretation
In some cases, the problem of interpretation is solved relatively easy.
Let someone say ... 'There's a hippopotamus in the refrigerator'; am I necessarily
right in reporting him as having said that there is a hippopotamus in the refrigerator?
Perhaps; but under questioning he goes on, 'It's roundish, has a wrinkled skin, does
not mind being touched. It has a pleasant taste, at least the juice, and it costs a dime. I
squeeze two or three for breakfast.' After some finite amount of such talk we slip over
the line where it is plausible or even possible to say correctly that he has said there
was a hippopotamus in the refrigerator, for it becomes clear he means something else
by at least some of his words than I do. The simplest hypothesis so far is that my word
'hippopotamus' no longer translates his word 'hippopotamus'; my word 'orange' might
do better. (Davidson, 1984a, p.100-101)
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Of course there are also cases that are more disturbing, for example:
how clear are we that the ancients -some ancients- believed that the earth was flat?
This earth? Well, this earth of ours is part of the solar system, a system partly
identified by the fact that it is a gaggle of large, cool, solid bodies circling around a
very large, hot star. If someone believes none of this about the earth, is it certain that
it is the earth that he is thinking about? An answer is not called for. The point is made
if this kind of consideration of related beliefs can shake one's confidence that the
ancients believed the earth was flat. It isn't that any one false belief necessarily
destroys our ability to identify further beliefs, but that the intelligibility of such
identifications must depend on a background of largely unmentioned and unquestioned
true beliefs. To put it another way: the more things a believer is right about, the
sharper his errors are. Too much mistake simply blurs the focus., (ibid, p.168)
The point is that we can only intelligibly attribute a particular belief to someone
(whether or not we also hold that particular belief) against the background of related
beliefs we share with that person. "If we are going to understand the speech or actions
of another person, we must suppose that their beliefs are incorporated in a pattern that is
in essential respects like the pattern of our own beliefs" (Davidson, 1980b). Positive
interpretation thus amounts to describing utterances in such a way that we can read a
reasonable pattern of beliefs in them. ('Describing utterances' could also be called
'translating' or 'redescribing.' In the first example, the utterance 'There's a hippopota-
mus in the refrigerator' is tentatively redescribed into 'There's an orange in the
refrigerator' in order to make it cohere with 'It's roundish, has a wrinkled....')
2.2.3 It matters that the problem of interpretation is recognized and properly
solved
Interpretation becomes a matter of great moment when educational strategies are based
on the interpretations that are given to pupils' speech and actions. The conceptual
change model of learning is a case in point: first the alternative ideas, conceptions or
frameworks that pupils have before education are studied and then, on the basis of the
results of those studies, classroom interventions are devised to encourage pupils to
change their pre-educational ideas. Pupils' beliefs about some topic or phenomenon are
studied by using such techniques as: word association, free association, concept
mapping, interview-about-instances, interview-about-phenomena, naturalistic studies,
written tasks, rule assessment, observational methods (Driver & Erickson, 1983). All of
these methods somehow rely on the use of language. Of course this is the right thing to
do. If we are to understand what pupils are thinking and doing we should use all
resources available, and language is certainly one of the most important ones. At the
same time, however, if we are going to understand them, we unavoidably face the
problem of interpretation: we hear their utterances and see their movements, and we
want to know what they are trying to say and achieve. In this section I discuss some
prototypical examples of studies on pupils' ideas and ask whether in those studies the
problem of interpretation has been recognized and properly solved.
Force and motion
The first example concerns the many studies on children's ideas about motion, or
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intuitive theories of motion (e.g.: Clement, 1982; McCloskey, 1983; Halloun &
Hestenes, 1985; Gunstone & Watts, 1985). Let me begin with a brief overview of some
results of those studies. The following are often reported as basic intuitive rules that
children (or, more generally, lay people) seem to operate by.
Motion requires a force.
Motion implies a force.
Force and motion are proportional to one another.
In somewhat more detail, the intuitive theory is reported to be something like this.
Motion requires a force not only in the sense that a force is needed in order to set an
object in motion, but also in the sense that sustained motion needs a continuous force.
The required forces are usually exerted by external agents. There is a proportionality
between force and motion in the sense that more force has to be exerted in order to set
an object in a faster motion or to sustain a faster motion. Motion implies a force in the
sense that if an object is in motion, then there is a force in the direction of its motion.
This is a force that the moving object has, though not permanently. It must have got
this force in the first place, and there are two ways in which it can have got its force.
First, from an agent that has exerted a force on it; second, from another moving object
that has carried over some of its force. That is, forces are imparted by agents and
transferred from one object to another. If an object is given some force (in one of these
two ways), it is set in motion or, in case it was already in motion, it is set in a faster
motion. There is thus also a proportionality between force and motion in the sense that
an object moves faster if it has more force. If there is no continuous supply of force,
the motion of an object cannot be sustained and thus becomes slower. So if there is no
continuous supply of force, the force of an object wears out. That is, apart from being
exerted, possessed and transferred, forces can also be dissipated.
Perhaps it is also worthwhile to give a few examples of what children or lay people
actually say, in order to see in what sense they say can be said to hold the above
intuitive theory. Here is what some children in the age group 11-14 say (I have taken the
quotes from the paper by Gunstone & Watts).
"If he wanted to keep moving along ... he would have to keep pushing, otherwise he'll
run out of force and just stop."
"To keep going steadily you need a steady push. If you don't force something to move
it's not going to go along is it?"
"Why do they [things rolling along the floor] stop? It's just they always stop. After
you push it they go as far as the push ... how hard it was, and after that wears off it
just goes back like it used to be."
A first thing to note is that those children do not always frame their ideas in the exact
words of the above intuitive theory. However, the step from "If he wanted to keep
moving along he would have to keep pushing" or "To keep going steadily you need a
steady push" to 'Sustained motion needs a continuous force' is a very small one. It is
therefore reasonable to assume that they might have expressed their idea by an utterance
of the latter sentence as well, or at least have assented to an utterance of it. Similarly,
they might as well have said 'There is a proportionality between force and motion'
instead of, or as a generalization of, "After you push it they go as far as the push ... how
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hard it was." There are also cases in which their wording (e.g., "he'll run out of force"
or "[the push] wears off") is already pretty close to the above intuitive theory ('the force
of an object wears out'). Another familiar such case (see, e.g., Clement, 1982) is that
students, when asked to draw the forces that are present when a tossed coin is in its
upward motion, draw an upward force which they call, e.g., "the force I'm giving it" or
"the force of throwing the coin up." This comes pretty close to 'if an object is in
motion, then there is a force in the direction of its motion' and 'forces [can be] imparted
by agents.'
Children or lay people can thus be said to hold the above intuitive theory in the sense
that they either do express their ideas in pretty much the wording of the intuitive theory
or, else, might at least have done so.
On the basis of the above remarks I from now on assume that children and lay people
hold true the intuitive theory as it is formulated above. What does follow from this?
According to many researchers it follows that their intuitive theory is "at variance with
the principles of Newtonian mechanics" (McCloskey, 1983), that "students come to the
classroom with naive conceptions or preconceptions ..., and these preconceptions are
usually incorrect from the scientific point of view; thus they are referred to as
misconceptions" (Chi, 1992).
   I agree that a statement like 'Sustained motion needs a continuous force' seems to be
in flat contradiction with Newton's first law, and that in Newtonian mechanics an
expression like 'to have a force' is meaningless. But from this it does not follow that the
intuitive theory contradicts Newtonian mechanics. This conclusion only holds good, if
we assume that children and lay people use and understand the word 'force' in the way
that we, as physicists, use and understand it, i.e., if we assume identity of meaning. I
think it is more natural to assume, however, that children and lay people do not use the
word 'force' as physicists do, just as it is more natural to assume that someone who
holds true an utterance of "There's a hippopotamus in the refrigerator" does not quite
use some of his words as we do than that he actually believes that there is a
hippopotamus in the refrigerator. So the mere finding that children and lay people hold
true the intuitive theory as it is formulated above does not yet throw any light on what
they actually believe. It still needs to be found out which beliefs are represented by their
holding it true. Thus, by reporting the above as children's or lay people's intuitive
theory, the problem of interpretation is not yet solved. At best the report can be read as
a statement of the problem, in that it brings out that children's and lay people's uses of
the word 'force,' though quite common, are not in accordance with how the word is
used in Newtonian mechanics and so cannot be interpreted in accordance with this
scientific usage. The problem therefore is how we are to interpret their uses of the word
'force.'
The way to solve this problem, according to section 2.2.2, is to redescribe the intuitive
theory that children and lay people hold true in such a way that we can read a pattern of
beliefs in it that they share with us. In order to choose a plausible such pattern, it is of
course essential to take into account what their intuitive theory is about, i.e., what sorts
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of situations they were talking about when they uttered, nearly enough, (fragments of)
that intuitive theory. In general, these were familiar situations in which some object was
in motion, usually after it had been kicked, pushed, thrown, etc by some agent. An
appropriate pattern of beliefs that applies to such situations, is something like the
following.
- agents can make an effort to cause something to happen, for instance set things in
motion (throw a ball, ride a bike);
- the more effort you make, the more effect you beget (throw the ball further away, ride
the bike faster);
- to keep things in motion you have to keep making an effort (keep pedalling, keep
pushing), otherwise they will, eventually, come to a stop (if I stop pedalling me and
my bike will come to a stop);
- the motion of an object can also cause something to happen (the motion of a ball can
cause the breakage of a window, or the motion of another ball);
- a faster motion of an object can cause an increased effect (a very fast motion of the
ball may cause the breakage of several windows, or a faster motion of the other ball).
Note, first of all, that this pattern of beliefs is correct and, in particular, not in
contradiction with Newtonian mechanics. A physicist does agree, e.g., that when riding
my bike on a flat road I need to keep pedalling in order to keep going steadily, because
otherwise I would come to a stop. I do not see, therefore, in what sense Newton's laws
would "strike at the roots of commonsense reasoning" (Ogborn, 1993). Or, to put it the
other way around: if it was possible to derive something from the principles of Newto-
nian mechanics that contradicted the above pattern, I would say something is wrong with
those principles because I do not see what is wrong with the pattern. Note, furthermore,
that the basic notions in the above pattern are those of agency and causation. This
suggests that it is in terms of these notions that children's and lay people's uses of the
word 'force' should be analyzed.
I will now try to show that the above pattern of beliefs is indeed appropriate to interpret
children's and lay people's uses of the word 'force.' That is, it is possible to so
redescribe their uses of the word 'force' that, thus redescribed, the above intuitive
theory translates into the above pattern of beliefs. First of all, I detect three main uses of
the word 'force' in the intuitive theory: as part of (a) the expression 'to exert a force
on,' (b) the expression 'to have a force,' and (c) the expression 'to get a force from.'
   Let me begin with the expression 'to exert a force on.' The basic use of this expres-
sion is in a sentence of the form 'A exerted a force on O,' where A is an agent and O an
object. I interpret this sentence as follows. Children and lay people hold it true just in
case (1) there was an action of which A was the agent, and (2) something happened to
O, and (3) A's action caused what happened to O.2) So the point of the expression 'to
exert a force on' is to have available a general way of saying that an agent did
                                        
2.This analysis is inspired by Davidson's analysis of sentences with event- or action-verbs (1980a, pp.105-203;
1985e).
Pupils' beliefs about radioactivity
    
15
something that caused something to happen to an object, e.g. when there is no need to
specify what it is that the agent did (kick, push, throw, swing a bat, or whatever) and
what it is that happened to the object (set in motion, kept in motion, deformed, broken,
or whatever).
   In line with the above interpretation, children and lay people generally do not use the
expression 'to exert a force' when there are no agents involved. It makes no sense for
them to say, e.g., "The ball exerted a force on the window," simply because a ball
cannot be the agent of an action. It cannot do something in the way that we can, and so
condition (1) for the application of the expression 'to exert a force on' is not satisfied.
Nevertheless its motion can, just like our actions, cause something to happen to other
objects. To be able to express the latter is, I think, the point of the expression 'to have a
force' in relation to moving objects. So I take children's and lay people's holding true
the sentence 'If an object is in motion, then there is a force in the direction of its
motion' as an expression of the belief that the motion of an object can cause something
to happen to other objects that are located in the direction of its motion.
The basic use of the expression 'to get a force from' is in a sentence of the form 'O has
got a force from A,' where A is an agent and O an object. Its point derives, I think, from
situations in which children and lay people not only want to say that an agent did
something (e.g., that he swung a bat) and that there was an immediate effect of his
action (e.g., that a ball was set in motion), but also that the causal chain was longer
(e.g., that the motion of the ball caused the breakage of the window) and that his action
caused the more remote effects in the causal chain as well (that he broke the window). I
therefore interpret the sentence 'O has got a force from A' as follows. Children and lay
people hold it true just in case (1) there has been an action of which A was the agent,
and (2) there is a motion of O, and (3) A's action caused the motion of O. There is also
a derivative use of the expression 'to get a force from,' namely in a sentence of the form
'O1 has got a force from O2,' where both O1 and O2 are objects. On my interpretation
children and lay people hold this sentence true just in case there is a motion of O1 that
has been caused by a motion of O2. The point of this derivative use is, again, to be able
to express that "an agent causes what his actions cause" (Davidson, 1980a, p.53),
namely in cases where the causation proceeds via several links in a causal chain that
involves several other objects. E.g., in case an agent sets one ball in motion, whose
motion causes the motion of a second ball, whose motion ..., whose motion causes the
breakage of the window, this last ball has got its force from the second last ball, which
has got ..., which has got its force from the agent.
Let me take stock. I have tried to solve the problem of interpretation, i.e., I have tried
to find out which beliefs are represented by children's and lay people's holding true the
above intuitive theory. In order to do so I have not assumed identity of meaning but,
conversely, have tried to find out how they use and understand expressions like 'to exert
a force on' and 'to get a force from,' namely by redescribing those expressions in such a
way that what they say comes out as largely correct. More concrete, by redescribing
those expressions as indicated above, it can be seen that the intuitive theory translates
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into the above pattern of beliefs. By interpreting them in this way, I have in effect
attributed a pattern of beliefs to them that, as noted above, is correct and, in particular,
not in contradiction with Newtonian mechanics. Thus it is by assuming identity of
pattern of belief that I have come to attribute a meaning to their expressions 'to exert a
force on' and 'to get a force from.'
Let me also go briefly into the implications for education. I agree with Gunstone &
Watts (1985) when they write:
The issue of language is difficult and complex. Students use language which is
meaningful to students; teachers use language which is meaningful to teachers. There
are a range of important teaching implications to be derived from an understanding of
language and its role in learning.
But, as I understand it, I disagree with how they go on:
We merely wish to draw attention to one of these implications which arises from
considering the intuitive rules used by students. Language which is meaningful to
teachers may, because of students' views of the world, have a quite different (even
conflicting) meaning for students. If we are not sensitive to this, we can unwittingly
reinforce the very views we want to change.
Language which is meaningful to teachers may indeed have a different meaning for
students. In fact, I have just argued that this is indeed the case with respect to expres-
sions in which the word 'force' occurs. However, this is not because they have
alternative beliefs about the world, i.e., beliefs we would want to change (I interpret
what Gunstone & Watts call 'views of the world' as 'beliefs about the world'). There
simply is no identity of meaning concerning some terms because scientists have come to
assign a rather special meaning to some of them (e.g., 'to exert a force on'), while to
others they may not even attach a meaning at all (e.g., 'to get a force from'). So I would
rather say that if we are not sensitive to this, we can unwittingly create a lot of talk at
cross purposes between teachers and students. Furthermore, I see no need to change
students' intuitive theory, simply because, if appropriately interpreted, there is nothing
wrong with it. I do see a need, of course, to make them (want to) add substantially to
what they already believe in order that they come to understand Newtonian mechanics.3)
Chi (1992) mentions another implication for education. She concludes, on the basis of
"an extensive survey of the science education literature," that "the fundamental
conception that underlies most of the students' conception of physical science concepts
is to treat them as a kind of substance." With regards to education she accordingly
                                        
3.It is well-known that many courses in Newtonian mechanics do not lead to such an addition. Students who have
had high school physics, or even college physics, very often have not added substantially to the above
intuitive theory or, perhaps worse, have arrived at some uncomfortable cross between the intuitive theory and
Newtonian mechanics. Again, I think it is wrong to diagnose this situation as showing that their intuitive
theory "is highly resistant to change" (Clement, 1982), because of the implicit suggestion that the intuitive
theory ought to be changed. My diagnosis not only is that there is a lot of bad education, but also that it is a
non-trivial and challenging task to make pupils (want to) add substantially to what they already believe in a
way that leads to their understanding of Newtonian mechanics.
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suggests that "in order for students to really understand what forces, light, heat, and
current are, they need to change their conception that these entities are substances, and
conceive of them as a kind of constraint-based event (including fields), thereby requiring
a change in ontology."
   I do not subscribe to Chi's conclusion that students use the word 'force' as if it refers
to a material object (which is how I interpret her statement that 'the fundamental
conception that underlies most of the students' conception of physical science concepts
is to treat them as a kind of substance'). I rather think that in much of the research on
which Chi has based her conclusion researchers have (wrongly) interpreted students as if
they use the word 'force' to refer to a material object, probably because the word 'force'
grammatically functions as a noun and students use the word in such expressions as 'to
have a force' and 'to get a force from.' On my interpretation students do not assign a
meaning to the word 'force' in isolation at all and, in particular, do not use it to refer to
any entity whatsoever. And the fact that students may hold true a sentence like 'O has
got a force from A' does not, on my interpretation, reflect that they conceive of a force
as something that, literally, can be handed over from an agent to an object. If they hold
the sentence true, they thereby simply claim the occurrence of two events (an action of
which A was the agent, a motion of O) that are causally related. My interpretation
requires no other ontology than the familiar one of common objects and events.
   Accordingly, I also do not subscribe to Chi's suggestion with regards to education,
namely that a change in ontology is required in the sense that for pupils to really under-
stand what forces are, they need to change their conception that these entities are sub-
stances and conceive of them as a kind of constraint-based event. First, I do not believe
that pupils conceive of forces as some kind of entity (of the material object kind).
Secondly, in teaching Newtonian mechanics I would not aim at making them conceive
of forces as any entity whatsoever. For I note that in Newtonian mechanics too the word
'force' does not have a meaning in isolation, but only as it is part of smallest meaningful
expressions such as 'to exert a force on.' Furthermore, in Newtonian mechanics too an
understanding of such expressions requires no other ontology than that of objects and
events. What I think is important to realize with regard to education, is that in
Newtonian mechanics an expression like 'to exert a force on' is not used in the sense in
which students use it, and that students use expressions containing the word 'force' that
are not used in Newtonian mechanics (e.g., 'to have a force'). One of the central tasks
of education thus becomes to create a space in pupils' conceptual apparatus for e.g. the
term 'to exert a force on,' in its scientific sense, to occupy. The process of creating this
space is not one in which "students must induce or be told that physics entities belong to
a different ontological category" (Chi, ibid), but one of making them see the point of
having available such a term in its scientific sense. Furthermore, just as in the above it
was a shared view of the world (a shared pattern of beliefs) that enabled me to interpret
what students mean by their uses of the word 'force,' so I suggest that in the process of
creating appropriate spaces in their conceptual apparatus we should somehow
productively make use of, build on, and extend this shared view. Finally, the aim of
teaching Newtonian mechanics is not to make students really understand what kind of
entities forces are, but to enable them to explain and predict the occurrence of events by
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means of laws in which the notions of agency and causation play no role.
Molecules
Let me give one more example. It concerns the numerous studies that have been
conducted on the way pupils relate microscopic particles to macroscopic phenomena. In
fact, in October 1989 an international seminar was held, in which this theme was
considered 'a central problem in secondary science education' (Lijnse, Licht, de Vos &
Waarlo, 1990). I suppose the results of such studies are by now familiar: it is reported
that pupils believe that the molecules of a fluid expand when the fluid is heated, that the
hard molecules of ice melt when ice melts, that the molecules of sulphur are yellow,
that the molecules of glue are sticky on the outside, etc. It is then often noted that pupils
mean something else by the word 'molecule' than scientists do. But if that is so, then the
statement, e.g., that they believe that molecules of sulphur are yellow is non-informa-
tive. For if pupils mean something else by the word 'molecule' than we do, what is it
then that they believe when they hold true an utterance of "Molecules of sulphur are
yellow?"
   In order to solve this problem of interpretation, the best we can do is attribute to them
the (correct) belief that a substance can be divided in little bits that, apart from their
size, are just like larger amounts of the substance (have the same properties, are subject
to the same regularities, etc), and accordingly interpret their expression 'molecule of ...'
as 'tiny bit of ....' For if we do so, we are, in most cases, in perfect agreement with
them: like us they suspect that every droplet of the fluid expands when heated; like us
they know that small bits of ice are hard and can melt; like us they see that tiny grains
of sulphur are yellow; like us they feel that small amounts of glue are sticky; etc.
So one should be careful with the conclusion that it is "common for students to attribute
macroscopic properties (such as melting or expanding) to particles" (Johnston, 1990). If
we read this as 'pupils attribute macroscopic properties to their molecules,' there will be
no problem. But this conclusion is obvious: their 'molecule of ...' is essentially
macroscopic (though the 'tiny bit of ...' may be so small that it cannot be perceived). If,
on the other hand, we read it as 'pupils attribute macroscopic properties to our mol-
ecules,' we will be misinterpreting them: they are not talking about our molecules.
Furthermore, if we are to teach pupils about the particulate/kinetic theory of matter,
there is no need "to address directly some of [their alternative ideas about the nature and
behaviour of matter] and to encourage students to reject them" (ibid). Since in the above
we have made maximum sense of their words by optimizing agreement on beliefs,
perforce their ideas are not 'alternative' at all but rather in optimal agreement with our
own ideas. So we will have no reason to encourage them to reject those ideas.
   In teaching about the particulate/kinetic theory of matter, we rather face the
educational task "in what sense macroscopic phenomena have to become problematic to
the pupils" (ten Voorde, 1990) in order that they come to feel a need for our particles
and the specific way we use our particles in accounts of macroscopic phenomena. The
central problem, as I see it, is how we can meaningfully make pupils partners in an
enterprise that aims to explain, under the assumption that an object is a certain
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collection of particles, all macroscopic changes of that object solely in terms of changes
of position and velocity of those particles due to their mutual interactions.4)
Subtractions and their role in science education
In the above I have indicated that in the process of learning Newtonian mechanics or the
particulate/kinetic theory of matter, pupils need not (be challenged to) abandon their
intuitive theory of motion or their ideas about their particles. I have not meant to suggest
that pupils will never have to subtract anything or that the cases in which subtractions
are needed may not play an important role in their process of learning science. The
importance of such cases may, e.g., be that they create a place in pupils' conceptual
apparatus for a term subsequently to be introduced to occupy, or that they make pupils
want to add to what they already believe. The subtractions that are needed and that may
play this important role, however, will I think mainly concern pupils' expectations of
what will happen in a situation that they never before have witnessed or paid attention
to, namely when they themselves recognize that what they expected was going to happen
does not in fact happen. In such cases pupils may e.g. come to realize that their expec-
tation was implicitly based on some generalization, and that this generalization is indeed
valid in most situations they have come across but not in this new situation. Let me give
an example.
When pupils are asked what will happen to the reading of a thermometer that is placed
in a pan of boiling water when the pan remains on the hot plate or the hot plate is turned
to a higher setting (something they have never witnessed before), many of them will say
that they expect the thermometer to rise. When they then find that the reading of the
thermometer remains the same (100EC), they themselves will of course admit that their
expectation has not come out. In this sense one may say that the experiment poses a
conflict, and that as a result of it pupils will have to withdraw their expectation. But, of
course, this withdrawal in itself cannot be the point of the experiment. Part of its point
rather is that pupils will find the outcome of the experiment surprising. For as they now
come to think of it, they cannot think of any other situation in which an object was near
some heat source and did not get warmer. In fact, it is the point of a hot plate (or of
turning it up to a higher setting) to make things warmer. They may thus come to realize
that in their expectation they implicitly made use of a generalization that was based on
situations they have come across, something like: as long as an object is near a heat
                                        
4.It is well-known that many courses in the particulate/kinetic theory of matter fail to achieve this. It is easy to
see that this will be the case for courses in which molecules are defined as the smallest parts of a substance
that still have all the properties of that substance and are introduced as the product of a process of division.
For this definition and this introduction cohere nicely with an interpretation of 'molecule of ...' as 'tiny bit of
....' In section 5.3.2 I will argue that a well-known constructivist approach to teaching the particulate theory
of matter, in which the main educational task is considered to be that pupils remove their supposedly
alternative ideas in favour of appropriate scientific ones, also fails to meet the task of meaningfully
introducing pupils to what scientific particle models are all about. We need to think of other ways to meet the
latter, non-trivial, task.
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source, it gets warmer.5) So apart from their expectation, pupils will not have to
withdraw very much. In many situations it still is the case that an object does get
warmer as long as it is near a heat source. What they now come to add to this is that
there are also situations in which this is not so.
   Whether there is any use of the experiment in an educational process depends of
course on whether it is possible to so embed it in a series of activities that it can be
given a further point. It is perhaps possible to let the experiment precede by such a
series of activities that, on the basis of those activities, the element of surprise that the
experiment induces in pupils is very likely to prompt their formation of a particular kind
of intention, e.g.: to find out whether there are also other liquids that have an invariant
boiling point, or whether freezing too occurs at a fixed temperature. The further point of
the experiment then is that pupils are provided with reasons to extend what they already
know in certain directions. And an even further point may be that this extension
contributes to creating a place in pupils' conceptual apparatus for a concept subsequently
to be introduced to occupy (e.g.: the concept of a pure chemical substance).
2.2.4 Some general notes on methodology
The strategy that I have applied above (and that in chapter 4 I argue to be unavoidable
for correct interpretation) is one of matching patterns of belief. It will be clear that this
strategy is frustrated by assuming identity of meaning all too lightly (especially
concerning terms to which scientists in the course of the development of science have
come to assign a specific meaning), and by distributing isolated utterances too quickly
into separate categories (instead of trying to read, in the totality of utterances held true,
a coherent pattern of beliefs that corresponds close enough to a pattern of our
own). It are precisely these two, what I consider to be, methodological errors that are
often made in the many studies on 'alternative' frameworks/conceptions that have
appeared in the science education literature. I suggest that it would be interesting to
apply an analysis like the ones I have given above with respect to studies on pupils'
'alternative' ideas about motion and molecules to other such studies as well. This would
come down to redescribing those studies' accounts of what pupils believe in such a way
that they turn out to do and say things that, according to us, are the reasonable things to
do and say under the circumstances. I conjecture that the result of such an analysis will
be that those studies' identifications of misconceptions or 'alternative' ideas generally
come down to misinterpretations.
Note that the task of matching patterns of belief will be greatly facilitated if the
interview-situation involved events that occurred during the interview or objects for
                                        
5. Or, as some authors (e.g.: Anderson, 1986; diSessa, 1988; cf section 2.5) suggest, perhaps the generaliz-
ation that was implicitly used was even more general and based on even more situations they have come
across, e.g. something like: if one thing has a certain effect on other things, those other things will be more
affected the longer they are near the one thing. The generalization mentioned above is then a special case of
this more general generalization, with the 'one thing' specialized to 'a heat source' and the effect it has on
other things to 'making them warmer.'
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pupils to handle with, and if the interview-situation furthermore was rather simple and
surveyable, both for the pupils and for us who want to understand what they see in the
situation, what they think about it, what they mean by what they say, what they want to
achieve, why they do as they do, etc. For the objects that are present and the events that
are occurring in the interview-situation can then be taken to have caused pupils' coming
to hold some sentence true, their coming to believe that they have accomplished (or not
yet accomplished) what they thought they were asked to do, etc. The task then roughly
comes down to keying their sentences in such a way to sentences of our own that their
holding a sentence true is often enough caused by the same events and objects as our
holding our matching sentence true. We thus make our interpretation depend on the
events and objects that we take their sentences as being about, in the sense of making
them right (according to us) in what they say about those events and objects.
The interviews on radioactivity that are reported in the remainder of this chapter are not
of this kind, in that the interview-situation does not (or hardly) involve events that occur
during the interview or objects for pupils to handle with, but mainly verbal talk about
situations having to do with radioactivity (the Chernobyl accident, X-ray photography,
etc). Of course it has been tried to secure as well as possible that the interviewer and the
pupils were talking about the same situations by choosing well-known or familiar
situations, by providing suitable information (e.g., photographs), by letting the pupils
describe the situations, etc. But since there are no observable events and objects in the
interview-situation that could serve to relatively easily work one's way into pupils'
belief system, another strategy has to be taken to match patterns of beliefs. In section
2.5, this will be done by placing pupils' talk in a familiar pattern of general
commonsense knowledge. In chapter 1, in connection with the question why in some
countries iodine tablets were distributed after the Chernobyl accident, I have already
hinted at this procedure. I have tried to explain (understand) pupils' answers to that
question by placing their talk in a familiar pattern associated with the general notion of
resistance: if something has an effect on something else, the effect can be decreased by
adding a resistance. I do not mean to suggest that this strategy to match patterns of
belief on a fairly general level is the best or the only one, but rather that for the case at
hand it seems to be the most appropriate and perhaps the only one available.
2.3 Review of previous research on pupils' ideas about radioac-
tivity
2.3.1 Eijkelhof's findings
In his thesis (1990), Eijkelhof gives a survey of the few studies on pupils' ideas about
radioactivity that had been carried out before he tackled the issue. Eijkelhof notes that
these studies had had a more limited scope than his. Furthermore, in the cases where
there is overlap the results of these studies are compatible with his findings, or at least
understandable given his findings. Below some of his findings are presented.
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As regards the meaning of 'radiation', we found many associations with other kinds of
radiation, especially with light, but also with heat, radio waves and sound waves.
Invisibility is a property which is acknowledged by almost all pupils. Some pupils
seem to reify radiation by calling it a kind of gas ("radon"). A large proportion of
pupils make distinctions between natural radiation, X rays and "radioactive radiation".
They draw these distinctions partly from their ideas about differences in effects, partly
from differences in function, of these kinds of radiation.
   According to many pupils the propagation of 'radiation' is influenced by ventilation:
this is seen as a means of preventing further accumulation of radiation in rooms where
X rays are used, in factories where food is irradiated and in houses which are well
insulated. Related to this view is the idea that radiation could be carried away by the
wind (in the Chernobyl context). From a scientific point of view one might conclude
that 'radiation' is then being used for 'radioactive substances'.
   Many pupils lack the scientific idea of absorption of radiation. They seem to have
'conservation' ideas about radiation, which could be summarized as:
when an object (such as food or a wall) receives radiation, the radiation will
accumulate in the object; when the amount of radiation is large enough, the
object will itself start emitting radiation.
So 'absorption' is confused with 'accumulation of radiation'. The same idea applies to
people who receive radiation, a difference being that people are seen as living beings
with some resistance: the body has some defence system which breaks down radiation
as long as there is not too much.
   In the light of this, it is to be expected that indiscriminate use of the terms
'contamination' and 'irradiation' will be very common. Many pupils speak of
'contamination' when someone or something has received a certain amount of
'radiation', sometimes specified as "a surplus" of it or "more than normal".
(Eijkelhof, 1990, p.96)
The term 'radioactivity' is often used in implicit and explicit ways to mean 'radiation'.
So pupils spoke about "radiating", "releasing" or "emitting radioactivity" and defined
'radioactivity' as "radiation" or "an accumulation of radiation". We also found
meanings which could be labelled as 'the source of radiation'. Here we refer to pupils'
descriptions of "radiation emitting substances"; "particles"; "an atom of radioactivity",
"having", "handing over" or "containing radioactivity". Very often effects of radiation
were included in the definition of the term 'radioactivity': the pupils spoke of
"dangerous" and noxious", (ibid, p.97).
Eijkelhof also gives some examples of how pupils talk about the danger of (applications
of) radiation: "X rays must be dangerous as my mother and the nurse had to stand
behind a special window;" "if irradiation of food happens in a room like that [with thick
walls], it cannot be said that it is not dangerous;" "[irradiation of food is not dangerous],
otherwise they wouldn't do it." More generally, he identifies two views about the
danger of radiation, which he labels 'radiation is dangerous' and 'the dangers of
radiation are limited'. According to both views radiation is potentially dangerous, but
they differ with respect to the extent in which the danger can be controlled: "on the first
view hardly any control exists; the second puts more trust in experts and the safety
measures taken" (ibid, p.99). On page 98 of his thesis, Eijkelhof compares the two
views as follows.
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Radiation is dangerous The dangers of radioactivity are limited
radiation / radioactivity / radioactive matter is
permanent: it never falls to zero and can accu-
mulate in the body; in the event of contamina-
tion nothing can be done
radiation / radioactivity / radioactive matter de-
creases in the long run; in the event of contam-
ination, some measures can be taken
the effects of radiation / radioactivity / radioac-
tive matter are always dangerous, leading to
cancer and other serious consequences
a small dose of radiation will be broken down
by the defence system of the human body
all radiation is dangerous, including X rays X rays are very different from (radioactive)
radiation and are less dangerous
safety measures indicate how dangerous the
applications are
safety measures are effective in reducing the
risks of radiation
radiation standards have a very limited value as
any quantity of radiation has a hazardous effect
radiation standards indicate a safety level:
below them it is safe
radiation is dangerous as it passes through any-
thing
radiation can be stopped by lead sheets and
concrete walls
radiation / radioactivity is dangerous as it
cannot be observed by the human senses
radiation / radioactivity / radioactive matter can
be measured
the detrimental consequences in the long run
are uncertain
a lot is known about the effects of radiation
Finally, on page 100 Eijkelhof presents a list of missing scientific distinctions in pupils'
beliefs.
Between 'radiation', 'radioactivity' and 'radioactive substances'.
Between 'irradiation' and 'contamination'.
Between 'absorption', 'accumulation' and 'stopping' of radiation.
Between 'activity' and 'dose', and their units.
Between the effects of 'high' and 'low' doses of radiation.
2.3.2 Reflection on Eijkelhof's findings
As may be clear from the above presentation, Eijkelhof has given some characteristics
of pupils' talk about "radioactivity, ionizing radiation and risk in the contexts of
Chernobyl, medical use of radiation, radioactive waste disposal, food irradiation and
background radiation" (ibid, p.95-96). He has noted some usages of terms that are
characteristic in the sense that they are quite common in the 'mean' senior high school
pupil's talk about a wide range of context domains of radioactivity and radiation. An
example is the seemingly undifferentiated use of the words 'radiation,' 'radioactivity'
and 'radioactive matter.' Another example is the use of words like 'having,'
'containing,' 'handing over' and 'accumulating' in connection with radiation and
radioactivity. Or the regular use of words like 'dangerous' in connection with
(applications of) radiation.
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   Furthermore, Eijkelhof has generalized over pupils and context domains and has thus
arrived at some typical classes of common utterances in a variety of context domains.
Examples of such classes are:
a. the propagation of radiation is influenced by air currents (wind, ventilation);
b. when an object receives radiation, the radiation will accumulate in the object.
But has Eijkelhof recognized the problem of interpretation that I have described in
section 2.2? In an evaluation of his findings he does mention 'problems of
interpretation':
The results suggest that an approach in which pupils' ideas are studied from the
specific perspective of physics, as in the study by Riesch and Westphal (1975) on the
radiation transportation process, will face difficulties as pupils attribute alternative
(different or undifferentiated) meanings to scientific terms and use context-dependent
ideas. The pupils are unlikely to use a coherent theory about the world ... and appear
unaware of any need for consistency across situations ... One might therefore expect
serious problems of interpretation. (ibid, p.100-101).
I think that Eijkelhof's 'serious problems of interpretation' are not related to the
problem of interpretation as I see it. The reason is that Eijkelhof seems to have solved
his 'serious problems of interpretation' by appealing to incoherence and inconsistency.
This is certainly not the way to solve the problem of interpretation as I see it. Of course
I do not assume that pupils have a perfectly 'coherent theory of the world' -neither have
I. All I want is to understand what makes pupils say the things they are saying. And my
claim is that we do not reach such an understanding by appealing all too lightly to inco-
herence and inconsistency. On the contrary, in doing so we simply undermine our
ability to understand what it is they are so incoherent or inconsistent about. If we cannot
see much reason, coherence and consistency in the utterances of the pupils, we will not
be able to solve the problem of interpretation as I see it. Let me try to make this point
clear by giving two examples.
Apart from some context-dependent differences of usage, Eijkelhof has noted an
undifferentiated use of the words 'radiation,' 'radioactivity' and 'radioactive matter.' I
agree with Eijkelhof that this common usage suggests that for pupils all three words are
true of the same sort of entity, which he denotes as 'radiation/radioactivity/radioactive
matter' or, briefly, 'it.' I would like to understand, however, pupils' undifferentiated
use of those three words: why are they doing so? If I could understand that, I would find
no trouble in translating their words 'radiation,' 'radioactivity' and 'radioactive matter'
into one and the same word 'it.' And an utterance falling in class a above would then
express the belief that it's propagation is influenced by air currents.
   Eijkelhof (ibid, p.96) comments on class a: "From a scientific point of view one might
conclude that 'radiation' is then being used for 'radioactive substances'." Now suppose
that that was the case: that for pupils the word 'radiation' is actually true of radioactive
substances. In that case it would be incorrect to attribute to a pupil, on the basis of an
utterance falling in class a, the belief that the propagation of radiation is influenced by
air currents: that is just something she says. And when she says it, it really expresses for
her the following belief:
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a' the propagation of radioactive substances is influenced by air currents.
Now, between which of the two options are we to choose: one sort of entity, it, which
can be transported by air currents, or two separate sorts of entity, radiation and
radioactive substance, of which the latter can be transported by air currents? And on
what grounds are we going to choose?
The second example concerns Eijkelhof's observation that pupils "seem to have
'conservation' ideas about radiation." I agree with Eijkelhof that utterances falling in
class b, pupils' use of words like 'having,' 'containing,' 'handing over' and
'accumulating' in connection with radiation and radioactivity, and the indiscriminate use
of words like 'contaminated,' 'irradiated' and 'containing radiation,' all point in that
direction. But again, I would like to have more evidence to support the plausibility of
attributing to pupils the belief that radiation is conserved.
   Eijkelhof's conclusion that "'absorption' is confused with 'accumulation of radiation'"
does not help me any further. On the contrary, what if pupils do indeed confuse
absorption and accumulation in the sense that they really mean 'absorption' whenever
they say 'accumulation?' If that were the case, an utterance of b would express the
following belief:
b' when an object receives radiation, the radiation will be absorbed in the object.
And then there would be no reason to attribute to pupils the belief that radiation is
conserved.
   Again the question arises: which option are we to choose and on what grounds? And
by combining both examples even more questions do arise. How are we to interpret the
word 'radiation' in b (or b'): will it be 'it,' 'radioactive matter,' or even something else?
Does it make sense to interpret b' as expressing the belief
b" when an object receives a radioactive substance, the radioactive substance will be
absorbed in the object?
These two examples not only illustrate the interdependence of meaning and belief, but
also that without any further constraints we can always change the meanings we give to
some of the words a person uses by making compensatory adjustments in the beliefs we
attribute to that person. They thus illustrate the problem of interpretation as I see it, and
also that Eijkelhof has not recognized it. In order to solve it, somehow we have to
impose constraints. I have already indicated that the constraints come down to finding
common ground: we must suppose that the other's beliefs are incorporated in a pattern
that is nearly enough like the pattern of our own beliefs. On the basis of this supposition
we can accordingly determine the meanings we give to her words and thus solve the
problem. In the case at hand, we should not consider classes a or b (or any other class)
in isolation, but try to interpret the 'mean' pupil's words in such a way that we
recognise a familiar and reasonable belief structure in the totality of classes, i.e. in the
totality of typical utterances of the 'mean' pupil.
   It is this last, but important, step that Eijkelhof has not taken, although all the
necessary material is in his thesis. Furthermore, this last step would not have compli-
cated the presentation of his findings, but would rather have simplified it by bringing to
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the fore some underlying belief structure to which pupils' utterances fit. I will try to take
this last step in section 2.5, not on the basis of Eijkelhof's material but on the basis of
comparable material that I have gathered by interviewing middle ability pupils. Since
this material, which will be presented in section 2.4, turns out to be rather similar to
Eijkelhof's material, my analysis will indirectly also be applicable to the latter.
2.4 Interviewing middle ability pupils about radioactivity
2.4.1 Aim and procedure
Aim
The aim of my interview study among middle ability pupils has been threefold. Firstly,
to collect material consisting of assertions of middle ability pupils about (a range of
context domains of) radioactivity. Secondly, to roughly compare those utterances with
those of senior high school pupils (in the expectation that there would be no significant
differences). Finally, to positively interpret those utterances. This section will be
devoted to the first two aims, the next to the third.
Procedure
In December 1988 I conducted four interviews with groups consisting of two middle
ability pupils of about 15 years old. Each interview took about half an hour. Two of the
groups consisted of girls, two of boys. The interviews were held with two pupils, partly
to set them at ease, partly to stimulate additional comments on each other's answers.
Each interview began with an introduction. The pupils and I introduced ourselves. I told
something about the aim and the procedure of the interview and asked permission to
audiotape the interview.
   I tried to create an atmosphere in which the pupils felt free to express their own
thoughts. I emphasized that I was not going to judge them, that it was no problem if
they did not know an answer, that the interview was not going to be an oral
examination, that if they had any questions I was happy to answer them after the
interview, etc. During the interview I would try to refrain from giving comments and
would not push any further when pupils indicated they did not know what more to say.
As an aid to myself, I had written down the main questions I was going to ask.
Depending on the answer of a pupil I would sometimes search for further clarification,
usually by repeating the last words of the answer or by asking the other pupil to
comment on it. All these measures were taken to secure as well as possible that the
pupils could be taken to hold true what they say. Of course this does not mean that the
interviews were deadly serious and that there was no time or opportunity for an
occasional joke.
In the first question I asked for examples of where one has to do with radioactivity and
radioactive radiation6). About some of the cases they mentioned I would then try to let
                                        
6.'Radioactive radiation' is a literal translation of the Dutch words 'radioactieve straling,' which are commonly
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them tell some more. For that purpose, I would usually ask some questions about:
- the properties of radiation: why is it used in that situation?; how do you conceive of
radiation?; what can it be compared to?
- the origin of the radiation: why is it present in that situation?; where did it come
from?
- what happens with the radiation: how long will it be present?; where will it go to?
- danger and protection: is there any danger in that situation?; for whom or what?; what
might be the effects?; are there effective safety measures?
Depending on what situations the pupils themselves brought up and how much they had
to say about them, in some interviews I also brought up one or two of the following
situations involving radioactivity: medical applications (X-rays, irradiation of cancer);
nuclear bombs; irradiation of food; radioactive waste; background radiation. To
introduce a new topic of conversation, especially when an unfamiliar application like
irradiation of food was going to be talked about, some illustrations (e.g. a sketch of a
food irradiation factory) were shown.
   Each interview ended with questions on the detectability of radiation and on
background radiation. How can one tell whether radioactive radiation is present or not?
Can it be seen, felt, measured? And after having introduced a Geiger counter as an
instrument to measure radioactive radiation, I asked for the origin of, possible
consequences of and possible protection measures against background radiation.
2.4.2 Description of results
After the interviews the tapes were transcribed into protocols of about 12 pages each.
After leaving out my questions and introductions of particular situations involving
radioactivity, passages in which I really put the words into the pupils' mouths, passages
in which the pupils or I wandered too far from the main road set out by the questions
given above, repetitions in pupils' answers, etc, each protocol reduced to a collection of
pupils' utterances of about two pages. It is essentially this resulting total collection of
utterances that is presented below. The utterances are grouped according to the
particular situation in the talk about which they were uttered and repetition of similar
utterances coming from different interviews is avoided. Since Eijkelhof's results point at
much communality among senior high school pupils and the general public, it is
reasonable to assume that the communality extends to middle ability pupils too.
Furthermore, the interviews themselves have given no clues for abandoning that
assumption: each interviewed couple agreed on most of the issues. In fact, in section 2.5
I will make maximum use of the assumption by trying to deliver a positive interpretation
based on the totality of utterances of all the eight interviewed pupils. This corresponds
to my aim to reach an interpretation (understanding) of the 'mean' middle ability pupil's
thoughts about radioactivity. Or to put it in a more modest and feasible manner: to reach
an understanding of the thoughts of the 'average' of the eight interviewed pupils.
   The utterances below are presented to give the reader a fair idea of what my
interpretation in the next section is based upon. Of course it should be remembered that
                                                                                                              
used as 'radiation having to do with radioactivity.'
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the utterances were originally in Dutch. They are translated in such a way that the
versions in English remain as closely as possible to the original wordings in Dutch. No
real attempt is made to translate spoken Dutch into spoken English. This is why native
English speakers probably will not recognize the utterances below as representing the
idiom of 15-year-old, native English speaking kids. So be it.
Where one has to do with radioactivity and radioactive radiation
One important feature to notice right at the start is that the pupils talked easily and at
length about the subject. It was relatively easy for me to conduct the interviews.
   Concerning the question where one has got to do with radioactivity and radioactive
radiation, one group mentioned: hospitals (X-ray machines); nuclear power stations and
accidents with them, in particular Chernobyl; "an X-ray machine they had found
somewhere in Africa on a rubbish dump, some people died of it" [probably the pupils
intend to refer to the radiation therapy device that was taken apart by some junk
collectors in Goiania, Brazil, in 1987]. Another group mentioned that "everywhere
around, really" one has got to do with radioactivity and radioactive radiation: "on the
moors, in the woods, agriculture." The group also mentioned nuclear power stations,
and in particular Chernobyl: "People who work in nuclear power stations have got to do
with it, they have to leave after a couple of years, I believe, otherwise they would get
too much radiation;" "It will give trouble to the people who live a stone's throw from a
nuclear power station. If the station breaks down, the radiation will come out and cover
the people." Finally, the group mentioned "experiments with big explosions" and
nuclear bombs. The third group mentioned "something with the ozone layer;" X-rays;
irradiation of cancer ("because you hear about things that happen afterwards, after such
an irradiation"); irradiation of kidneys, perhaps ("if they use it for cancer, then it seems
to me they might also use it for kidney stones"). The group also thought that maybe
ultraviolet lamps and sun lamps have got to do with it: "Something ultraviolet, you
know. Well, if you stay under it too long, you will get sunburnt. You're only allowed to
stay under it for such-and-such a time. And you're more likely to get cancer." The
fourth and least talkative group, finally, mentioned nuclear arms, nuclear power stations
and also that "it's in the air." When later in the interview I asked them whether in
hospitals one also has got to do with it, they mentioned X-rays and irradiation.
   When asked how they know all these things, most pupils mentioned sources like
television, radio, newspapers, "I hear it from my mother and brother," "just through the
grapevine."
Chernobyl
All groups implicitly or explicitly referred to Chernobyl. And also in their talk about
other situations (see below) they regularly made comparisons with Chernobyl. I now
give the utterances that apply specifically to Chernobyl.
"A nuclear power station was somewhat overheated, or so, I'm not sure, but at any rate
there had been a fire and so all that radiation was released in the air."
"In the environment everything died, people died of cancer."
"Just a little bit of it immediately kills you."
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"[Cancer] is the main disease caused by the radiation. I believe you can get cancer
from it and quite a lot of diseases."
"In Norway it also was very bad. In the end, all the animals had to be shot."
"The honey was contaminated with radiation."
"From the grass and several cows we discovered that there was also more radiation on
the things here [in The Netherlands]. It all came from Chernobyl. It was carried by the
wind and drifted towards us."
"[It can be carried by the wind] because it is very light. I don't know, a kind of gas, or
so, gaseous. It's neither fluid nor solid."
"I think it simply mingles with the air and when it rains -it also mingles with the rain-
it comes down and ends up in the ground."
"Even here there were vegetables we were not supposed to... It goes all over the
world. It spreads out over all countries and it ends up in the ground. It gets into the
ground."
"It decreases more and more. In the end it will run out, I think."
X-rays
According to all groups in which medical applications were discussed, X-rays have got
something to do with radioactivity and radioactive radiation7). According to pupils, X-
rays are taken for the following reasons and purposes.
"X-rays are more efficient than... I don't know how they would have to do it
otherwise, but it seems to me it's more efficient."
"I think otherwise you should have to feel whether it is indeed broken. And there
might be a crack in your bone, or so, and that you can see on an X-ray."
"It is shined through the patient to see what kind of diseases he has."
"They can look behind your molars to find out, perhaps, whether the roots are all
right. With X rays they can see all that, but not by just looking into your mouth."
"Maybe at my birth [I had an X-ray], I don't know, or when I was still in my mother's
belly. Maybe they take X-rays [of pregnant women] to see how the child is doing, I'm
not sure, or to see whether it will be twins or a boy or a girl. I think they could use X
rays for that purpose."
About the properties of X rays and what they can be compared to, the pupils noted the
following.
"You don't see it."
"In some cases you don't see it, but in the X-ray machine [in Goiania] it had a colour.
That's why the people rubbed it on their skins. I think that that colour is the
radioactivity-radiation."
"I think it would be possible to see them [X rays], otherwise you wouldn't be
blinkered. Because of the X rays you have to be blinkered, just as in welding because
of the ultraviolet radiation. Otherwise you'll burn your eyes or get welding-eyes
[actinic conjunctivitis]. So I think it would be possible to see them, but you're simply
not supposed to look at them. The same applies to the people that go to stand behind a
screen. They're also not allowed in front there. So it not just applies to the people of
whom an X-ray is taken, doctors and so on are also not supposed to look at them."
                                        
7. The Dutch word for 'X rays' is 'röntgenstraling,' which would literally translate into 'roentgen radiation.'
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"I think X rays have something to do with ultraviolet, because ultraviolet also goes
right through your body."
"X rays are so intense that... it seems to me that if a nuclear bomb, or something like
that, is dropped, that then too it will be so much that you could simply see your bones.
That's what I compare X rays to: to light, very intense light."
"[X rays can be compared to] a laser beam. Laser beams are not really radiation, but
just bound light. But I think it can be compared to X rays, because you can make it
shine right through a person and you can also do that with radioactive radiation."
"[X rays can be compared to] a gas. You don't see them and they're dangerous, aren't
they, if you get too much on you; and a gas is the same, really: you don't see it and
it's also dangerous."
About the origin of the roentgen radiation (X rays), the pupils had the following to say.
"[It came] from such a thing, a very large..."
"[The radiation] comes from such a machine."
"It is in X-ray machines, I don't know exactly what."
"Sooner or later it will be used up or worn off and then you can use it no more. But
I'm not sure where it comes from."
"[In an X-ray machine] are those radioactive-radiation-fluid. I believe it is a bit
luminous. Those people [in Goiania] had rubbed it on their skins, because they thought
it was very pretty."
About what happens with the radiation after an X-ray is taken, pupils told the following.
"[When an X-ray is taken,] part of the radiation falls into your skin, otherwise those
diseases couldn't come up. If it didn't get into your skin, I think you wouldn't get
diseases from it."
"Of course a little bit remains in your body, but that is rather minimal. I think it will
have been completely worn off after a couple of minutes. It's just inside your body,
isn't it. I think it just mingles with your blood or something else, I'm not sure how. At
any rate you shouldn't take X-rays too often, because then you can get cancer."
"[When an X-ray is taken] small particles of the radiation get into your body and later
it wears off a bit. Just like a kind of gas that wears off after a couple of years."
"It simply wears off. I think you might compare it to a battery, or so. A battery also
wears off."
"Maybe it's broken down. That it simply has some sort of force inside, which
decreases sooner or later."
"It also depends on how much there is. It is also in nuclear bombs and there it also has
a lasting effect. But there you've got quite a lot and does it take a million years before
it has worn off."
Concerning the possible effects the pupils noted the following.
"You're not allowed to make that much use of an X-ray machine, because it radiates
right through your body."
"[That one is advised not to take too many X-rays] proves that it is not really healthy,
otherwise they wouldn't recommend that. If it was healthy, they could easily take X-
rays because nothing would happen."
"With such an X-ray machine you've only got a bit, but at the time of Chernobyl, that
was quite a lot. There the people in the neighbourhood simply died after a couple of
minutes. I think much more radiation was released there. It got into almost everything
in large amounts."
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"The more you get, the worse the disease will be."
From their own experience, most pupils knew that when making an X-ray the nurse
stands behind a screen. About the purpose and function of this screen the pupils
remarked the following.
"[The nurse stands behind a screen] because she's not supposed to see them [the X
rays]. I think they are harmful for your eyes. If you were to look at them, I think your
eyes would burn away."
"[The nurse stands behind a screen] because if she got a bit too much radiation, that
would not be good, I believe."
"[The nurse stands behind a screen] because if she has to do that [making X-rays]
every day, then of course she would get... and since some radiation is released or is
brought into contact with her, then of course she would get quite a lot inside."
"[The radiation] glances off the screen into the room, I think."
"I think a screen stops the X rays, so that they won't enter your body. I think they will
linger somewhere in the air and spread out, or so."
Irradiation of cancer
According to all groups in which medical applications were discussed, irradiation of
cancer has got something to do with radioactivity and radioactive radiation. About the
purposes of irradiation the pupils made the following remarks and comments.
"People don't know exactly how to treat cancer. It [irradiation] is not so expensive as
operating and irradiation is much easier. I think the chances of survival are better than
with an operation."
"That's the opposite [of getting cancer from radiation]. I don't know how that works.
It is of course a remarkable fact."
About what happens with the radiation after irradiation, the pupils said the following.
"[After being irradiated,] some part of the radiation will be in the body and some part
in the air. It enters your body, doesn't it, and destroys the tumours, or the kidney
stones if that's the problem. I think the radiation remains inside the body. I don't know
for how long, I don't have experience with it."
"Maybe the radiation is caught by some other apparatus or the patient will simply have
it inside and maybe a little bit remains in the walls."
"In some people it lingers and... if one person is irradiated he will get nothing while
some other will get, let's say, a headache... I'm not sure, but maybe it lingers in some
people and doesn't in others."
"It just remains in the body and after a while it wears off or breaks down."
"I think it just remains inside [your body] and that the radiation just kills some cells,
or so, inside your body. I think that in due course it will ever more get out of the cells,
leave the body and come into the air."
"I think it will also be broken down by some substance, because some people don't get
complaints while others do. So maybe in some people it isn't broken down because
they haven't got enough substances of some sort."
Concerning the possible effects and safety measures (the nurse has to stand behind a
wall), the pupils noted the following.
"I think it is [harmful]. Otherwise you wouldn't hear those stories about people getting
headaches and things like that after being irradiated. Perhaps it's carcinogenic."
"[The nurse stands behind a wall, because she] may have to do this every day. So she's
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more likely to get those harmful substances than that patient, who is there for just once
or twice in his life."
"The wall does help. In there it's not that much, of course. At the time of Chernobyl,
it went right through the walls. But of course that was much more. Here the wall will
stop it, I think."
"I think it the whole wall will eventually dissolve."
Nuclear bombs
In two groups the topic of nuclear bombs was discussed. Both groups agreed that nuclear
bombs have got to do with radioactivity and radioactive radiation. About the radiation,
one pupil noted:
"It is transparent. You don't see it at all."
About what happens with the radiation after the bomb is dropped, the pupils said the
following.
"The radiation goes into the air."
"It just weakens in the end. Every year such-and-such weaker. I don't know exactly...
it just gets weaker. It drifts to other countries and things like that. It mingles with the
air. It decreases."
"It lingers in the air, the radiation. It does decrease, I believe, but I think there's still
some radiation there [in Japan] now."
"The radiation [of the bombs on Japan] by now is so weak that... by now it doesn't any
longer trouble us, though it does to the people there."
"There always remains a little bit and then it won't be excessively... but it does remain
harmful."
About the effects, the pupils said the following.
"You just see that explosion and then... well, all those people just dropped dead or
some people vanished completely. That's what you saw in that film [The Day After]."
"It results in death and diseases."
"There's lots of damage and many people get killed. Even after quite some time people
are dying from it."
"The people, the animals nearby... well, everything really [will have to deal with it].
People will be contaminated with it and if you stand by too close, you will be comple-
tely... well, swept away really. And yes, after quite some years it will still give
trouble to the animals and people. They will all fall ill, develop cancer or whatever,
who knows also skin diseases, pregnant women will give birth to deformed children.
They all will fall ill and... well, will not live much longer."
One pupil noted about possible protection measures:
"[You might be able to protect yourself] if you had a room with very thick lead walls,
that would help. But if you were to go out afterwards, it wouldn't help no more
because that radiation will still be there. It would be weaker after a couple of years,
but still rather high."
Irradiation of food
With one group I talked about irradiation of food. My first question was whether they
had ever heard about irradiation of food. The pupils reacted immediately:
"Yes. Spinach, and things like that. A couple of years ago we weren't allowed to eat
spinach, because it was contaminated by irradiation [the other pupil adds: Chernobyl].
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[That means that] there is radiation... well, that was... some very dangerous
substances were inside, so that was harmful for your body. The radiation was simply
in the ground, I think, or had gone into the ground with the water and had thus come
into the vegetables. I believe [those substances are the radiation], yes."
I continued by noting that I did not mean to talk about Chernobyl but rather about a
factory where food is irradiated, one of the pupils again reacted immediately:
"I know that. I believe with oranges, or something like that, to keep them for a longer
time."
After I had shown a picture of a food irradiating room, in which carts containing
potatoes rotated around a radioactive source, one of the pupils asked whether the
potatoes that are at the bottom of the cart are also being irradiated. The other pupil
answered:
"Well, the radiation goes right through."
About what happens with the radiation after irradiation, the pupils told the following.
"[When the food is irradiated,] the radiation will remain inside, maybe for some years.
But it decreases. I do think the radiation simply gets weaker."
When asked whether they would eat irradiated food, the pupils said the following.
"If the radiation gets too strong... too much radiation, perhaps in the potatoes or in the
other food, I don't think that's a very nice idea, because too much radiation is not
good for your body. If you eat it [irradiated food], it [the radiation] will simply end
up... well, I don't know exactly where it will end up inside your body, but it will
simply end up inside your body. And you're only supposed to get such-and-such a
permillage or so inside your body. Well anyhow, you'd better not have too much, of
course. I mean, I would eat as few irradiated food as possible actually."
"Eating irradiated food doesn't sound like a good idea to me. Maybe an accident has
happened in that factory. Certain harmful substances might be in the food and then you
will get... well, infections or whatever, all kinds of lumps on your skin. It doesn't
sound like a good idea at all."
Radioactive waste
In two groups the topic of radioactive waste was discussed. Both groups agreed that it
has got to do with radioactivity and radioactive radiation.
"[Radioactive waste] comes from nuclear power stations."
"[Radioactive waste has got to do with radioactive radiation,] because of those
factories. They illegally dump that waste somewhere. The poison gets into the ground,
spreads and then you automatically have it in some residential district. You are
irradiated and get diseases."
The pupils made some remarks on the sources and properties of radiation, for instance
when asked what would be seen if a vessel of radioactive waste were to be opened.
"[If you opened a radioactive waste vessel,] you would perhaps see some luminous
stuff. That was recently on television. A father had brought his daughter some
luminous stuff, which later turned out to be radioactive. I think something like that
would also be in those vessels."
"If you were to open a vessel of radioactive waste,] I don't think that there would be
that much to see, really. I wouldn't know what it looks like. Oil, I think, or something
A Problem-Posing Approach
 
34
like that, something oily. I think that that will be the radioactive. Not just radiation, it
seems to me that it would be hard to put that inside such a vessel. I think the radiation
is in that waste, in that oil."
"Sometimes you hear that an accident has happened with some ship, that something
radioactive is leaking. So that would be fluid."
"There is fluid and there is gaseous... perhaps that the vapours also come off. I think
the radiation is a kind of vapour that comes off. It soaks in your body, which slowly
dies off, and kills cells."
"[Whether poison and radiation are the same thing or different] depends on how you
look at it. It can be in powder form, it can also be fluid, but I think it can also be
radiation. I think radiation is rather some sort of gaseous... I don't know how to
explain. At any rate, you can't see it and well... look, otherwise you could have seen
the radioactive radiation in the air, but as far as I know you can't see it."
The pupils noted the following ways of dealing with radioactive waste and possible
consequences thereof.
"They dump it in sea, burn it or store it underground."
"I've heard that they dump it in sea, in iron vessels."
"It mostly happens when a new residential district is built where they used to dump it.
The poison comes up and the radiation gets out. That it is released when it rots away."
"In the Rhine, which is that much polluted, you see the fishes floating up to the
surface. And that is all because of those radioactive vessels containing radioactive
waste."
"[It has to be stored,] because they can't leave it anywhere else. It's much too much.
How else are they to do it? [If they didn't store it] it would get into the air and that
results in pollution and acid rain. I think all that has got to do with radioactive radiat-
ion."
"It will have to be stored for some hundred years, or so. Otherwise they wouldn't have
to build those storage spaces: they could simply dump it in sea. After a couple of
hundred years, the radiation will be completely gone. As far as I know it's the same as
with those nuclear arms. I mean... well, after a couple of hundred years the radiation
will have gone, disappeared. I think it is dissolved, or something like that, by... [other
pupil: some other cells, or so] Well, I don't know, that it is processed. Just like the
trees breathe in foul and breathe out pure oxygen."
"When it is burnt, the radiation just remains in the air. I think that the fluid or solid
part is burnt, that its radiation goes into the air and that the solid part then becomes a
poison. The radiation spreads and perhaps affects the ozone layer. I think only
radiation can do that."
Asked whether it would be wise to come near a vessel of radioactive waste, the pupils
replied the following.
"If you're standing near such a vessel, you will be more susceptible to radiation than if
you are further away."
"I believe you could come near [a radioactive waste vessel], but it isn't really healthy
because of all those things inside."
"I think it doesn't make a difference whether you're nearby or far away. I think they
are sealed in such a way that nothing can come out, none of the radiation gets through.
Otherwise they might as well store it in open containers or bottles."
Background radiation
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In all groups I asked how people can tell whether radioactive radiation is present or not.
"I believe they can measure it with something, I don't know what."
"There's a certain radiation meter for that purpose, which... with the naked eye you
can't... but you can measure it."
"Measure it with a... well, some small device that indicates whenever there is
radiation. That device is so sensitive to certain... well, pressure or waves in the air
that we cannot see, that it is able to measure it."
"Those scientists investigate that with some device. They've got a small device that
indicates whenever there is radiation. It peeps or ticks, or something like that. Geiger
ticker or whatever it is called."
When asked whether radioactive radiation can be seen, heard, felt, etc, the pupils said
the following.
"[Radiation] cannot [be seen, heard or felt]."
"In Brazil it was a kind of fluid, so there it could be seen."
"You can't see it, but you can feel it by pain, I think."
"You can't see it, I believe. I think it's just like the air. I believe you can feel it. Well,
not really feel it, but you can't stand it. Not really feel it, but notice it because it will
cause complaints after a while."
"I think you can perhaps tell from the environment, all the things it does, and so on.
Plants, maybe you yourself will get ill, and so on."
After having introduced a Geiger counter as an instrument to measure radioactive
radiation, just one of the pupils claimed to be surprised that the counter measured
radiation inside the interview room. The others were not surprised. About why radiation
is measured, where and when it can be measured and in what amounts, the pupils had
quite a lot to say.
"There's always radiation present. For you've also got that acid rain and things like
that, so there's always radiation around you."
"I think it's everywhere, in every house."
"I think there is always a bit in the air, a bit radioactive. You hardly notice it."
"I believe it also came from somewhere else, from the ground. That it was simply in
the ground."
"It will probably have been blown with the air from somewhere, from some power
station or so, that something had been released and has thus been blown with the air.
Maybe it also comes from... well nothing, really, that it's just around you. I don't
know where it comes from, it's simply there. It's everywhere, really, but near nuclear
power stations there is some more. And in some countries, perhaps also in some cities,
it is also somewhat stronger."
"[Wherever you hold the counter, it will measure radiation,] because simply
everywhere in the air there is a little bit of radiation. Whether you measure here, in
America or on the North Pole, everywhere there is a little bit. Of course at some
places it will be stronger than at others. If you were to measure near a factory, it
would measure more than here in this room."
"I think that near a nuclear power station it will measure quite a lot. People who work
there are well-paid, but they are not allowed to work there for long periods. Otherwise
they would get cancer and other diseases. You have to wear those special suits in there
because of the radiation. I think it is like at the dentist. That it are lead suits, which
stop it, so that the radiation won't enter your body. They are to protect you."
"There's got to be a little bit of radiation. I think it's simply in the air already, just a
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tiny bit, you know. I think that if there hadn't been any people, that then it would have
measured even less than it did in this room, just an occasional peep."
"It has always been in the air. It just gets more and more because of all those com-
panies that use it and simply dump it, and so on, nuclear accidents add some more. It
just becomes more and more, but there has always been a bit in the air."
"I think there will be more of it outside than inside. The wind carries it along. It
comes from those nuclear power stations."
"It comes from the air. The air is polluted. Or from Chernobyl, it all comes to here
and so at first it also has to be in the air."
"Maybe the accident in Chernobyl has got something to do with it. It might be that
there is still a little bit in the air. Maybe the bricks of the school are affected by the
rain. Maybe there is still a little bit on them."
"It's just radiation that is released by some things: experiments or something like that,
who knows, with big explosions; nuclear bombs."
"It probably comes from nuclear power stations. That's where they make all those
things, those nuclear..."
"I've never heard that it comes from the ground. Wouldn't they have put it in there
themselves?"
"[If there hadn't been any people,] I don't think [you could have measured radiation.
It's man-made.]"
One group discussed whether airing the room would make any difference.
"Airing the room won't have any effect, because the radiation usually stays behind. If
you were to open the window, it wouldn't decrease that much, I think. The radiation
goes through everything, through glass, through everything. So it doesn't really matter
whether the window is opened or closed."
"It goes a bit faster if you air the room, because then it is aided. The wind blows
through the room and takes along the radioactivity."
"A bit might be taken along, but not everything. Only in due course it completely runs
out, so I don't think that everything will go away at once."
About the possible consequences of background radiation, finally, the pupils said the
following.
"If there's too much of it, [it could do harm. But like it is here in this room,] I think it
doesn't."
"In this room it is so little, that it hardly does any harm."
"There is always a bit in the air. If it's not too much, it won't be harmful for the
environment, I think. Maybe that's natural, that it has also been around in earlier
times."
"This isn't something to really get... so little radiation. Some of the substances inside
your body still will be able to handle it and break it down."
2.4.3 Comparison to Eijkelhof's findings
By reading pages 74 to 84 of Eijkelhof's thesis (1990), one might most easily convince
oneself of the similarity between the utterances of middle ability pupils that are
presented above and the utterances of the senior high school pupils that were
interviewed in his interview study. Below, I limit myself to a rough comparison.
   The middle ability pupils also associate radioactive radiation with light (very intense
light, laser beams), gas or poison. In all sorts of situations they also talk about radi-
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ation/radioactivity/substances being carried along by the wind; lingering in the air;
getting into the ground, food, animals, people, etc; remaining for a while in all sorts of
objects; wearing off in the long run; being broken down by (some substances in) the
human body; being able to pass through anything; being stopped by screens, lead walls
or special suits; having severe and long-term effects (death, cancer, deformed children,
etc).
   There are also some differences between the middle ability pupils' and the senior high
school pupils' utterances. As might be expected, the senior high school pupils tended to
more frequently use scientific words ('atom,' 'molecule,' 'DNA,' 'wavelength').
Secondly, the middle ability pupils more frequently tended to associate radioactive
radiation with things like acid rain, the ozone layer, and pollution of the air and rivers.
2.5 Interpreting pupils' utterances
2.5.1 Task and method
The task I now face is to solve the problem of interpretation that has been mentioned in
section 2.2: we know what sentences the 'mean' middle ability pupil holds true (the
utterances that are presented in section 2.4), and we want to know what (s)he means and
believes. To solve the problem of interpretation we need a method for separating the
contributions of meaning and belief to the utterances held true.
What matters is this: if all we know is what sentences a speaker holds true, and we
cannot assume that his language is our own [that he uses his words as we do, KK],
then we cannot take even a first step toward interpretation without knowing or
assuming a great deal about the speaker's beliefs. Since knowledge of beliefs comes
only with the ability to interpret words, the only possibility at the start is to assume
general agreement on beliefs. ... The guiding policy is to do this as far as possible,
subject to considerations of simplicity, hunches about the effects of social
conditioning, and of course our common-sense, or scientific, knowledge of explicable
error.
The method is not designed to eliminate disagreement, nor can it; its purpose is to
make meaningful disagreement possible, and this depends entirely on a foundation -
some foundation- in agreement. (Davidson, 1984a, p.196-197)
Towards the end of section 2.2.3 I already noted that in the case at hand pupils'
utterances are such that one cannot relatively easily work one's way into their belief
system by recourse to events that occurred or objects that pupils handled with during the
interviews, because the interviews mainly involved verbal talk about situations having to
do with radioactivity (the Chernobyl accident, X-ray photography, etc). I then also
suggested another strategy to match patterns of beliefs, namely on a fairly general level.
In order to secure agreement on general matters as well as possible, I think it is
appropriate to identify pupils' beliefs within a familiar pattern of general commonsense
knowledge concerning the way that something may affect (harm) something else. Below
I first argue why such a pattern forms an appropriate background to interpret pupils'
utterances. Against this background I subsequently try to intelligibly attribute particular
beliefs about radioactivity to pupils and to explain erroneous beliefs.
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2.5.2 Interpreting pupils' utterances against an appropriate background of
general commonsense knowledge
What is best known about 'things having to do with radioactivity,' and what generally
makes them controversial subjects of public debate, are the harmful effects that they
may have, in particular to people. As is clear from section 2.4, pupils too are quite
aware of, emphasize, and even exaggerate to some extent, the severe and/or long-term
effects: death, cancer, all sorts of diseases, deformed children, acid rain, etc. I think
this effect-oriented emphasis in their utterances justifies an attempt to interpret their
utterances within a general pattern that serves to explain how things are affected and
how it can (to some extent) be prevented that things get affected. The basic notions in
this general pattern, which Anderson (1986) has called the experiential gestalt of
causation and diSessa (1988) a commonsense version of Ohm's Law, are those of an
affector, an instrument and a resistance. The basic ways in which these notions are
related are the following:
- an affector harms an object by means of an instrument;
- if the affector is counteracted by a resistance, the object will be less affected.
Furthermore, there are also some obvious semi-quantitative relations involving these
notions:
- the stronger the affector is, the more the object is affected;
- the longer the affector harms an object, the more the object is affected;
- the more affectors harm an object, the more the object is affected;
- the nearer the agent is to an object, the more the object is affected;
- the greater the resistance is, the less the object is affected.
In order to make an attempt to relate pupils' utterances to this pattern, a good place to
start is with what they have to say about factors influencing the effects. Here are some
examples.
"With such an X-ray machine you've only got a bit, but at the time of Chernobyl, that
was quite a lot. There the people in the neighbourhood simply died after a couple of
minutes. I think much more radiation was released there. It got into almost everything
in large amounts."
"If you're standing near such a vessel, you will be more susceptible to radiation than if
you are further away."
"I think it doesn't make a difference whether you're nearby or far away. I think they
[radioactive waste vessels] are sealed in such a way that nothing can come out, none of
the radiation gets through."
"The wall [behind which the nurse stands] does help. In there it's not that much, of
course. At the time of Chernobyl, it went right through the walls. But of course that
was much more. Here the wall will stop it, I think."
"[The nurse stands behind a screen] because if she has to do that [making X-rays]
every day, then of course she would get... and since some radiation is released or is
brought into contact with her, then of course she would get quite a lot inside."
"You shouldn't take X-rays too often, because then you can get cancer."
"The more you get, the worse the disease will be."
"People who work there [in nuclear power stations] are well-paid, but they are not
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allowed to work there for long periods. Otherwise they would get cancer and other
diseases. You have to wear those special suits in there because of the radiation. I think
it is like at the dentist. That it are lead suits, which stop it, so that the radiation won't
enter your body. They are to protect you."
I suggest to think of X-ray machines, radiation therapy devices, nuclear power stations,
radioactive waste vessels and Chernobyl as affectors. Somehow they are affecting
people, especially the people in the neighbourhood. The reason that they affect people
seems to be that something (in the quotes above it is called 'radiation' or 'it') enters
them, gets inside. I suggest to think of this something harmful that gets inside the object
as the instrument. The more of the instrument you get inside, the worse the disease will
be. Chernobyl is a stronger affector than an X-ray machine, because it has released
more radiation, which has gone into almost everything in large amounts. So it seems
likely to think of an affector as something that releases the instrument. Being near an
affector for too long periods (working in a nuclear power station) and having to do many
times with an affector (taking or making many X-rays) increase the chances of getting
cancer and other diseases. But there are also means to reduce the effects, even if you are
very near to the affector: sealing the affector in such a way that the instrument cannot
escape (and so cannot enter your body), or preventing the instrument to get into your
body by wearing special suits or standing behind a wall or a screen. I suggest to think of
something that prevents the instrument of entering the object as a resistance. If the
affector is very strong (as in the case of Chernobyl), the resistance will hardly give any
protection. I think that the notion of resistance also applies to the following utterances:
"I think [that after irradiation the radiation] will also be broken down by some subs-
tance, because some people don't get complaints while others do. So maybe in some
people it isn't broken down because they haven't got enough substances of some sort."
"This isn't something to really get... so little radiation. Some of the substances inside
your body still will be able to handle it and break it down."
Here the effects are reduced, not by preventing the instrument to enter the body, but by
breaking down the instrument when it is already inside the body (and thus already
affecting the body). So I suggest to broaden the above description of a resistance a bit,
and to think of it as something that counteracts the instrument, either by preventing it to
enter the object or by counteracting it when it is already inside the object.
   I think it is also appropriate to use, instead of the above notion of an affector, the
somewhat broader notion of a potential affector. I suggest to think of the latter notion as
applying to something because of which the instrument might get into the object.
(Clearly an affector, in the above sense of 'something that releases the instrument,' is a
potential affector.) The reason for introducing the notion of a potential affector is that it
enables me to understand some of pupils' utterances about irradiated food on the same
par as those about Chernobyl, X-ray machines, etc.
"[When the food is irradiated,] the radiation will remain inside, maybe for some
years."
"Too much radiation, perhaps in the potatoes or in the other food, I don't think that's a
very nice idea, because too much radiation is not good for your body. If you eat it
[irradiated food], it [the radiation] will simply end up... well, I don't know exactly
where it will end up inside your body, but it will simply end up inside your body. And
you're only supposed to get such-and-such a permillage or so inside your body. Well
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anyhow, you'd better not have too much, of course. I mean, I would eat as few
irradiated food as possible actually."
"Eating irradiated food doesn't sound like a good idea to me. Maybe an accident has
happened in that factory. Certain harmful substances might be in the food and then you
will get... well, infections or whatever, all kinds of lumps on your skin. It doesn't
sound like a good idea at all."
The irradiated food contains the instrument ('radiation,' 'it,' 'harmful substances'), and
by eating the food we get the instrument inside. And the more affectors harm an object
(the more irradiated food a person eats), the more the object is affected. According to
the above description, irradiated food is a potential affector just like, e.g., Chernobyl,
an X-ray machine or radioactive waste.
"A nuclear power station was somewhat overheated, or so, I'm not sure, but at any
rate there had been a fire and so all that radiation was released into the air."
"It is in X-ray machines, I don't know exactly what."
"It seems to me that it would be hard to put that [radiation] inside such a vessel. I
think the radiation is in that waste, in that oil."
Given the new formulation of potential affector, it is clear that pupils' descriptions of
how an affector harms an object are stories that describe how the instrument got from
the affector into the object.
"From the grass and several cows we discovered that there was also more radiation on
the things here [in The Netherlands]. It all came from Chernobyl. It was carried by the
wind and drifted towards us."
"I think it simply mingles with the air and when it rains -it also mingles with the rain-
it comes down and ends up in the ground."
"Even here there were vegetables we were not supposed to... It goes all over the
world. It spreads out over all countries and it ends up in the ground. It gets into the
ground."
"A couple of years ago we weren't allowed to eat spinach, because it was contaminated
by irradiation. [That means that] there is radiation... well, that was... some very
dangerous substances were inside, so that was harmful for your body. The radiation
was simply in the ground, I think, or had gone into the ground with the water and had
thus come into the vegetables. I believe [those substances are the radiation], yes."
Above I have written about an object being affected, because of something (the
instrument) being inside it. The following utterances amplify this point.
"I think the radiation is a kind of vapour that comes off. It soaks in your body, which
slowly dies off, and kills cells."
"I think [that after irradiation the radiation] just remains inside [your body,] and that
the radiation just kills some cells, or so, inside your body."
"[When an X-ray is taken,] part of the radiation falls into your skin, otherwise those
diseases couldn't come up. If it didn't get into your skin, I think you wouldn't get
diseases from it."
"In some people it lingers and... if one person is irradiated he will get nothing while
some other will get, let's say, a headache... I'm not sure, but maybe it lingers in some
people and doesn't in others."
This suggests the belief that the object is affected as long as the instrument is present in
the object. This is not only a plausible belief, it is also consistent with the idea that after
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irradiation some people get complaints because they have not got substances that break
down the instrument. And given that effects may show up after some time (in some
cases even after several years), it is plausible to assume that the instrument lingers for
some time.
As regards the instrument itself, the pupils are less clear. It is referred to in several
ways: '(radioactive) radiation,' 'X rays,' 'it,' 'radioactivity,' 'small particles of the
radiation,' 'harmful/dangerous substances.' Below are some of the more recurrent things
that pupils say about the instrument. (Context-dependent properties such as 'making
visible cracks in bones,' 'destroying tumours,' 'keeping oranges for a longer time' or
'something luminous people rubbed on their skins' are omitted.)
"Just a little bit of it immediately kills you."
"[Cancer] is the main disease caused by the radiation. I believe you can get cancer
from it and quite a lot of diseases."
"I think you can perhaps tell from the environment, all the things it does, and so on.
Plants, maybe you yourself will get ill, and so on."
"The radiation spreads and perhaps affects the ozone layer. I think only radiation can
do that."
"You can't see it, I believe. I think it's just like the air. I believe you can feel it. Well,
not really feel it, but you can't stand it. Not really feel it, but notice it because it will
cause complaints after a while."
"[X rays can be compared to] a gas. You don't see them and they're dangerous, aren't
they, if you get too much on you; and a gas is the same, really: you don't see it and
it's also dangerous."
"It [poison] can be in powder form, it can also be fluid, but I think it can also be
radiation. I think radiation is rather some sort of gaseous... I don't know how to
explain. At any rate, you can't see it and well... look, otherwise you could have seen
the radioactive radiation in the air, but as far as I know you can't see it."
"It is very light. I don't know, a kind of gas, or so, gaseous. It's neither fluid nor
solid."
"It is transparent. You don't see it at all."
"I think it would be possible to see them [X rays], but you're simply not supposed to
look at them."
"I think X rays have something to do with ultraviolet, because ultraviolet also goes
right through your body."
"I think they [laser beams] can be compared to X rays, because you can make it shine
right through a person and you can also do that with radioactive radiation."
"The radiation goes through everything, through glass, through everything."
So apart from being an instrument, something harmful that gets inside the object, some
other attributed properties seem to be invisibility (or at least: not to be looked at),
transportability and power of penetration. Furthermore, most pupils know that it can be
measured with some suitable device. In the sequel I will denote the instrument that is
involved in situations having to do with radioactivity by 'radiation*.' (This notation is
chosen, because most often the pupils use the word 'radiation' to refer to the instrument
that is involved in situations having to do with radioactivity. The asterisk is attached to
indicate that radiation experts refer to something different when they use the word
'radiation.') Because of properties like invisibility it is understandable that the pupils
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have no clear picture of radiation* and often compare it to other mysterious things like
gas or a laser beam.
2.5.3 Reflection on the interpretation
I think to have covered most of pupils' utterances in section 2.4 by viewing those as
instances of a familiar pattern of general commonsense knowledge concerning the way
that something may affect (harm) something else. To summarize:
- an affector harms an object by means of an instrument;
- the instrument (radiation*) is something harmful that gets inside the object;
- radiation* is invisible, transportable and penetrating;
- the object is affected as long as radiation* is present in the object;
- a potential affector is something because of which radiation* might get into the object
(e.g. Chernobyl, an X-ray machine, radioactive waste, irradiated food, etc);
- the effects may be reduced by a resistance: something that counteracts the radiation*,
either by preventing it to enter the object (e.g. lead, walls, special suits) or by
counteracting it when it is already inside the object (e.g. substances in the body that
break it down).
Furthermore, some general semi-quantitative relations apply: the stronger the affector
is, the more the object is affected; the longer the affector harms the object, the more the
object is affected; the more affectors harm an object, the more the object is affected; the
nearer the affector is to the object, the more the object is affected; the greater the
resistance, the less the object is affected.
I think that two often recurring types of utterances are not yet covered. They correspond
to beliefs that are not incorporated in the above pattern of beliefs, but which can easily
be added to it. One is the belief that the radiation* itself gets weaker in the course of
time, which can be supported by the following utterances.
"[When an X-ray is taken] small particles of the radiation get into your body and later
it wears off a bit. Just like a kind of gas that wears off after a couple of years."
"It simply wears off. I think you might compare it to a battery, or so. A battery also
wears off."
"It simply has some sort of force inside, which decreases sooner or later."
"It just weakens in the end. Every year such-and-such weaker. I don't know exactly...
it just gets weaker."
"[You might be able to protect yourself] if you had a room with very thick lead walls,
that would help. But if you were to go out afterwards, it wouldn't help no more
because that radiation will still be there. It would be weaker after a couple of years,
but still rather high."
"[When the food is irradiated,] the radiation will remain inside, maybe for some years.
But it decreases. I do think the radiation simply gets weaker."
"[When airing a room,] a bit might be taken along, but not everything. Only in due
course it completely runs out, so I don't think that everything will go away at once."
The idea that radiation* gets weaker in the course of time, seems to be a particular case
of what diSessa (1988) has generally called 'dying away' -the idea that "sounds, motion,
and so on, all die away of their own accord" and of which he mentions the sound of a
struck bell as a prototypical circumstance.
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   The other type of utterances that is not yet covered corresponds to the belief that some
radiation* does not come from one affector or another: natural radiation*. It might be
supported by the following utterances.
"It will probably have been blown with the air from somewhere, from some power
station or so, that something had been released and has thus been blown with the air.
Maybe it also comes from... well nothing, really, that it's just around you. I don't
know where it comes from, it's simply there."
"There's got to be a little bit of radiation. I think it's simply in the air already, just a
tiny bit, you know. I think that if there hadn't been any people, that then it would have
measured even less than it did in this room, just an occasional peep."
"There is always a bit in the air. If it's not too much, it won't be harmful for the
environment, I think. Maybe that's natural, that it has also been around in earlier
times."
I propose that the above may serve as a general belief structure that accounts for the
'mean' pupil's utterances about situations having to do with radioactivity. I think some
closing remarks are appropriate. First, the above is just a general belief structure and
there may be differences between pupils as far as the details are concerned. There may
for instance be differences as to how a wall acts as a resistance: the radiation* glances
off the wall, the radiation* remains in the wall, etc. I think these kinds of idiosyncratic
differences are not very essential for an understanding of the 'mean' pupil. At any rate,
these differences are now understandable against a common background.
   Secondly, the general belief structure is to be understood in relation to pragmatic
everyday life purposes and values. It reflects and guides people's thoughts and actions in
reaching a sufficient feeling of safety and maintaining good health. One might even say
that it leads to over-cautious behaviour, for instance by preferring not to eat irradiated
food because of the radiation* inside (because it is a potential affector). But not eating
irradiated food will not do any harm (as long as other food is available), like over-
cautious behaviour generally will not do much harm. Of course there are exceptions. In
The Netherlands, for example, there is the extreme case of a girl that covered herself in
plastic after the accident in Chernobyl, did not leave her room and only ate tinned food.
Eijkelhof (1990, p.63) also gives some less extreme case-descriptions that had been
reported by radiation experts, for example:
"some workers who look after animals which are irradiated by X rays in experimental
settings had a feeling of being neglected: they had not been issued dosemeters and did
not get regular blood tests in contrast to personnel who irradiate the animals, although
the latter personnel had less contact with the animals;"
"the social isolation of an industrial worker who received an extra radiation dose by
accident: he was considered by his colleagues and neighbours to be suffering from
'radioactive contamination'."
Thirdly, the above interpretation solves the problems I have reported in section 2.3
when discussing Eijkelhof's findings. I can now understand pupils' use of words like
'having,' 'containing,' 'handing over' and 'accumulating' in connection with radiation
and radioactivity. These words naturally figure in stories that describe how the
instrument (radiation*) got from the potential affector into the object. Pupils'
indiscriminate use of words like 'contaminated,' 'irradiated' and 'containing radiation'
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is understandable by interpreting these words as referring to the condition that the
instrument (radiation*) is inside the object. Eijkelhof's tentative conclusion that pupils
"seem to have 'conservation' ideas about radiation" can be justified by referring to the
belief that the object is affected as long as the radiation* is present in the object, which
has a natural place in the pattern of beliefs. I now do not have any trouble in interpreting
words like 'radiation,' 'it,' 'radioactivity,' 'small particles of the radiation,' 'harm-
ful/dangerous substances,' of which Eijkelhof notes that they seem to be used in an
undifferentiated manner, as referring to one and the same thing: radiation*, i.e. the one
and only instrument that is involved in situations having to do with radioactivity.
   Finally one might ask whether the above is a correct (or even the unique)
interpretation of pupils' utterances. To ask for uniqueness would be to ask for too much.
There will remain some trade-offs between the beliefs we attribute to pupils and the
meanings we give to their words. However, by trying to interpret the pupils against the
background of a coherent pattern of beliefs, I hope to have limited down the resulting
indeterminacy, at least on major points, to a degree sufficient for establishing successful
communication and for initiating successful learning. And I want nothing more than just
that. Since the above interpretation is used in the construction of classroom interventions
(see chapters 6 and 8), the adequacy of my interpretation will indirectly be tested in the
evaluation of those interventions (see chapters 7 and 9).
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
 9JCV KU CP CVQO!
 9JCV FQGU CP CVQO 	NQQM	 NKMG!
 &KHHGTGPV CVQOU
 9JCV FQGU VJG PWENGWU NQQM NKMG!
 *QY 	GORV[	 KU CP CVQO!
 5WOOCT[
 'ZGTEKUGU
 5QWTEGU QH TCFKCVKQP 
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 4CFKCVKQP KP JGCNVJ ECTG
 +PFWUVTKCN WUG QH TCFKCVKQP
 4CFKCVKQP CHVGT C PWENGCT GZRNQUKQP
 0WENGCT YCUVG
 +TTCFKCVKQP QH HQQF
(KIWTG  6CDNG QH EQPVGPVU QH VJG WPKV 4CFKCVKQP [QW ECPPQV CXQKF KV 
6JG PWODGTU DGVYGGP
RCTGPVJGUGU TGRTGUGPV VJG PWODGT QH  OKPWVG RGTKQFU VJCV CTG FGXQVGF VQ C EJCRVGT
+ EQPENWFG VJCV VJGTG KU C YKFGURTGCF VTCFKVKQP QH VGCEJKPI VJG VQRKE QH TCFKQCEVKXKV[ CU
CRRNKGF DCUKE PWENGCT RJ[UKEU + GXGP VJKPM VJCV RGTJCRU CU C TGUWNV QH VJKU VTCFKVKQP VJGTG
KU C VGPFGPE[ VQ UGNHGXKFGPVN[ CUUQEKCVG VJG VQRKE QH TCFKQCEVKXKV[ YKVJ PWENGCT OQFGNU 6JG
HQNNQYKPI GZCORNG KU OGCPV VQ KNNWUVTCVG VJKU VGPFGPE[ .GV OG DGIKP YKVJ UQOG DCEMITQWPF
KPHQTOCVKQP +P  VJG VJGP/KPKUVGT QH 'FWECVKQP CPF 5EKGPEG QH VJG 0GVJGTNCPFU KPUVCNNGF
VJKTVGGP EQOOKVVGGU YJKEJ YGTG VQ FGXKUG C PCVKQPCN EWTTKEWNWO HQT VJG HKTUV VJTGG [GCTU QH
UGEQPFCT[ GFWECVKQP 
	DCUKUXQTOKPI	 DCUKE GFWECVKQP 6JG EQOOKVVGGU QPG HQT GXGT[
UWDLGEV KP 	DCUKE GFWECVKQP	 YGTG IKXGP VJG VCUM QH RTQRQUKPI CVVCKPOGPV VCTIGVU QP VYQ
NGXGNU C IGPGTCN NGXGN CPF C JKIJGT NGXGN 6JG KFGC DGJKPF VJG VYQ NGXGNU YCU VJCV VJG PWODGT
QH UWDLGEVU C RWRKN FKF QP VJG JKIJGT NGXGN YQWNF FGVGTOKPG YJKEJ UVTGCO 
NQYGT OKFFNG
JKIJGT RTGWPKXGTUKV[ VJG RWRKN YQWNF HNQY KPVQ CHVGT 	DCUKE GFWECVKQP	 +P HQTOWNCVKPI VJG
CVVCKPOGPV VCTIGVU HQT RJ[UKEUEJGOKUVT[ QPG QH VJG UWDLGEVU KP 	DCUKE GFWECVKQP	 VJG
EQOOKVVGG HQT RJ[UKEUEJGOKUVT[ YCU CNUQ KPUVTWEVGF VQ RC[ URGEKCN CVVGPVKQP VQ VJG TGNCVKQPU
DGVYGGP RJ[UKEU EJGOKUVT[ CPF GXGT[FC[ NKHG EQPVGZVU CPF CRRNKECVKQPU 6Q VJCV GPF VJG
EQOOKVVGG RTQRQUGF VGP UQECNNGF EQPVGZVFQOCKPU KP GCEJ QH YJKEJ CVVCKPOGPV VCTIGVU 
QP
VYQ NGXGNU YGTG HQTOWNCVGF 
'KPFVGTOGPEQOOKUUKG PCVWWT GP UEJGKMWPFG  'ZCORNGU
QH RTQRQUGF EQPVGZVFQOCKPU CTG WUG QH YCVGT UWDUVCPEGU CPF OCVGTKCNU CV JQOG GNGEVTKECN
GPGTI[ CV JQOG HQTEGU CPF UCHGV[ TCFKCVKQP CPF RTQVGEVKQP CICKPUV TCFKCVKQP 6JG CVVCKPOGPVU
VCTIGVU YKVJKP VJG NCVVGT EQPVGZVFQOCKP CTG IKXGP KP HKIWTG 
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)GPGTCN NGXGN *KIJGT NGXGN %QPEGRVU
+QPK\KPI TCFKCVKQP
 FKHHGTGPV UQWTEGU QH TCFKCVKQP VJG CPPWCN TCFKCVKQP FQUG 
KP O5X HTQO
VJG FKHHGTGPV UQWTEGU
TCFKQCEVKXKV[
EQUOKE TCFKCVKQP TCFKQCEVKXG UWDUVCPEGU
KP VJG UQKN DWKNFKPI OCVGTKCNU HQQF
YCVGT CKT :TC[ OCEJKPGU
 HQWT MKPFU QH TCFKCVKQP YKVJ FKH
HGTGPV RGPGVTCVKPI RQYGT
PCVWTG QH VJG HQWT MKPFU QH TCFKCVKQP
*GPWENGWU GNGEVTQP GNGEVTQOCIPGVKE
TCFKCVKQP
 ­  CPF : TC[U
 FGUETKRVKQP QH TCFKQCEVKXG FGEC[ KP
VGTOU QH EJCPIKPI WPUVCDNG PWENGK
CEVKXKV[ CPF KVU WPKV DGESWGTGN 
$S
CEVKXKV[VKOGFKCITCOU
FGVGTOKPCVKQP QH VJG JCNHNKHG QH C
TCFKQCEVKXG UWDUVCPEG HTQO CP CEVKXKV[
VKOGFKCITCO
 RQUUKDNG GHHGEVU QH TCFKCVKQP QP
QTICPKUOU FCOCIG KPFWEVKQP QH
ECPEGT FGCVJ
TGNCVKQP DGVYGGP FQUG 
KP 5X CPF
EQPUGSWGPEGU HQT VJG JWOCP DQF[
TCFKCVKQP GHHGEVU TCFKCVKQP UKEMPGUU
7UG QH TCFKCVKQP
 FKHHGTGPEG DGVYGGP KTTCFKCVKQP CPF
EQPVCOKPCVKQP
GZCORNGU QH QRGP CPF ENQUGF UQWTEGU
 RWTRQUGU CPF OGVJQFU QH WUG QH
UQWTEGU QH TCFKCVKQP KP JGCNVJ ECTG
:TC[U VTCEGTU KPVGTPCN CPF GZVGTPCN
UQWTEGU QH TCFKCVKQP
 GZCORNGU QH RTQVGEVKXG OGCUWTGU
CICKPUV TCFKCVKQP CPF VJG KPVCMG QH
TCFKQCEVKXG UWDUVCPEGU
TGNCVKQP DGVYGGP VJG RTQRGTVKGU QH C
UQWTEG QH TCFKCVKQP CPF RTQVGEVKXG
OGCUWTGU
CDUQTRVKQP CPF RGPGVTCVKPI RQYGT
EQPETGVG NGCF CRTQP GHHGEV QH FKUVCPEG
TGOQVG JCPFNKPI ICU OCUMU KPVCMG QH
KQFKPG
 GHHGEVU QH TCFKQCEVKXG UWDUVCPEGU CPF
TCFKCVKQP HQT RGQRNG CPF VJG GPXKTQP
OGPV
OGCP NKHG YCUVG HTQO PWENGCT RQYGT
UVCVKQPU JQURKVCNU CPF NCDQTCVQTKGU
 OGCUWTGU VJCV ECP DG VCMGP VQ
TGFWEG VJG GHHGEVU QH TCFKQCEVKXG
YCUVG CPF TCFKCVKQP HQT RGQRNG CPF
VJG GPXKTQPOGPV
NKOKVGF RTQFWEVKQP CPF WUG IWCTFGF
FKURQUCN KP HQT KPUVCPEG UCNV FQOGU
(KIWTG  #VVCKPOGPV VCTIGVU KP VJG EQPVGZVFQOCKP 	TCFKCVKQP CPF RTQVGEVKQP CICKPUV TCFKCVKQP	

'KPFVGTOGPEQOOKUUKG PCVWWT GP UEJGKMWPFG  6JG KVCNKEK\GF CVVCKPOGPV VCTIGVU CRRN[
QPN[ VQ VJG JKIJGT NGXGN
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VGCEJGTU
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 YKVJ VJG TGSWGUV VQ EQOOGPV QP KV 6Q EWV C NQPI UVQT[ UJQTV CPF VQ KNNWUVTCVG
6TCFKVKQPCN VTGCVOGPVU QH VJG VQRKE QH TCFKQCEVKXKV[
 6JG EQOOKVVGG JCF VCMGP QXGT VJG CFXKEG QH *CTTKG 'KLMGNJQH CPF O[UGNH VQ PQV KPENWFG PWENGCT OQFGNU KP VJG
CVVCKPOGPV VCTIGVU QH VJG IGPGTCN NGXGN 5Q VJG HCEV VJCV VJQUG CVVCKPOGPV VCTIGVU FQ PQV OGPVKQP PWENGCT OQFGNU
FQGU PQV EQPVTCFKEV VJG VGPFGPE[ VJCV + VT[ VQ KNNWUVTCVG JGTG
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VJG CDQXG OGPVKQPGF VGPFGPE[ VJG EWTTKEWNWO HQT RJ[UKEUEJGOKUVT[ YCU LWFIGF VQQ HWNN 
CU
WUWCN CPF UQOGVJKPI JCF VQ DG FGNGVGF VJG EQPVGZVFQOCKP 	TCFKCVKQP CPF RTQVGEVKQP CICKPUV
TCFKCVKQP	 1PG QH VJG FGEKUKXG TGCUQPU HQT VJG FGNGVKQP QH RTGEKUGN[ VJCV EQPVGZVFQOCKP YGTG
VJG OCP[ RTQVGUVU QH VGCEJGTU YJQ CTIWGF VJCV VJG VQRKE KU HCT VQQ CDUVTCEV HQT GURGEKCNN[ VJG
	YGCMGT	 RWRKNU DGECWUG KV KPXQNXGU TCVJGT VJGQTGVKECN PQVKQPU NKMG PWENGCT OQFGNU GVE #U
VJG TGCFGT YKNN RTQDCDN[ CNTGCF[ JCXG PQVKEGF VJG CVVCKPOGPV VCTIGVU QH VJG IGPGTCN NGXGN
YJKEJ YQWNF CRRN[ VQ VJG 	YGCMGT	 RWRKNU FQ PQV OGPVKQP CDUVTCEV CPF VJGQTGVKECN PQVKQPU
NKMG PWENGCT OQFGNU CV CNN 6JG QPN[ VJKPI + ECP EQPENWFG KU VJCV HQT VJG RTQVGUVKPI VGCEJGTU
VJG VQRKE QH 	TCFKCVKQP	 YCU UQ UGNHGXKFGPVN[ CUUQEKCVGF YKVJ 	CDUVTCEV	 CPF 	VJGQTGVKECN	 VJCV
VJG[ FKF PQV DQVJGT VQ TGCF VJG CVVCKPOGPV VCTIGVU HQT VJG IGPGTCN NGXGN QT KH VJG[ FKF TGCF
VJGO FKF PQV PQVKEG VJCV VJQUG CVVCKPOGPV VCTIGVU FQ PQV OGPVKQP CVQOU PWENGK GVE QT KH
VJG[ FKF PQVKEG VJCV EQWNF PQV VJKPM QH CP[ QVJGT YC[ VQ CVVCKP VJQUG VCTIGVU VJCP D[ VGCEJKPI
CDQWV CVQOU PWENGK GVE 5Q KH + UWEEGGFGF KP UJQYKPI VJCV KV KU RQUUKDNG VQ OGCPKPIHWNN[
VGCEJ CDQWV TCFKQCEVKXKV[ YKVJQWV JCXKPI VQ VGCEJ CDQWV CVQOU PWENGK GVE HKTUV + YQWNF CV
NGCUV JCXG DTQWIJV UWEJ NCTIGN[ WPSWGUVKQPGF CUUQEKCVKQPU WR HQT FKUEWUUKQP
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/[ CKO QH FGXKUKPI C WPKV QP VJG VQRKE QH TCFKQCEVKXKV[ VJCV KU PQV DCUGF WRQP OKETQNGXGN
GZRNCPCVKQPU YCU HWTVJGT UVTGPIVJGPGF YJGP + JCF QDUGTXGF VQYCTFU VJG DGIKPPKPI QH O[
2J&UVWF[ VYQ UGTKGU QH NGUUQPU KP OKFFNG CDKNKV[ ENCUUGU VJCV WUGF VJG WPKV 4CFKCVKQP [QW
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CP KPVTQFWEVQT[ EJCRVGT KP YJKEJ VJG KORQTVCPEG QH MPQYKPI UQOGVJKPI CDQWV TCFKQCEVKXKV[
VQ WPFGTUVCPF GI VJG %JGTPQD[N CEEKFGPV KU GORJCUK\GF +V KU HQNNQYGF D[ C EJCRVGT ECNNGF
	1P CVQOU	 YJKEJ EQPVCKPU C FKTGEV RTGUGPVCVKQP QH VJG JKGTCTEJKECN UVTWEVWTG QH OCVVGT CNQPI
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
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EGGFGF KP TGOGODGTKPI OKETQHCEVU NKMG VJG HQNNQYKPI VJG EQPUVKVWGPV RCTVU QH CP CVQO CTG
C PWENGWU CPF GNGEVTQPU VJG EQPUVKVWGPV RCTVU QH C PWENGWU CTG RTQVQPU CPF PGWVTQPU VJG
CVQOKE PWODGT GSWCNU VJG PWODGT QH RTQVQPU CPF VJG PWODGT QH GNGEVTQPU KUQVQRGU FKHHGT
KP VJG PWODGT QH PGWVTQPU GVE (WTVJGTOQTG VJG[ YGTG IGPGTCNN[ CDNG VQ UQNXG RTQDNGOU
NKMG VJG QPG KP HKIWTG 
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(KIWTG  (TQO UWDUVCPEG 
UVQH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 9JCV KU VJG CVQOKE PWODGT CPF VJG PWODGT QH PGWVTQPU QH VJG CDQXG PWENGK!
#P QDXKQWU EQPUGSWGPEG QH C FKTGEV RTGUGPVCVKQP CNQPI VJG CDQXG NKPGU KU VJCV KV OCMGU RWRKNU
FGRGPFGPV QP VJG YC[ VJCV VJKPIU CTG RTGUGPVGF DQVJ XGTDCNN[ CPF RKEVQTKCNN[ 'I YJGP
CV VJG GPF QH VJG EJCRVGT 	1P CVQOU	 VJG VGCEJGT KP QPG QH VJG ENCUUGU PQVGF VJCV RTQVQPU
GNGEVTQPU GVE ECPPQV DG UGGP RWRKNU YGTG XGT[ UWTRTKUGF VQ JGCT VJCV CPF DGICP CUMKPI
SWGUVKQPU UWEJ CU +H VJG[ ECP	V DG UGGP ECP YG VJGP HGGN VJGO UQOGJQY KPUVGCF! *QY
FQ YG MPQY VJG[ GZKUV! *QY FQ YG MPQY VJCV VJG[ NQQM VJG YC[ VJG[ CTG RKEVWTGF!
5QOG RWRKNU EQOOGPVGF 5Q KV	U CNN HCPVCU[ QT GXGP 5Q KV	U CNN DWNNUJKV CPF QPG QT VYQ
RWRKNU UJQYGF VJCV VJG[ IQV UQOG KOCIKPCVKQP VJGOUGNXGU CPF RTQFWEGF VJGKT QYP 	OQFGN	
9J[ UC[ VJCV GNGEVTQPU OQXG CTQWPF VJG PWENGWU! 6JG[ OKIJV CU YGNN DG OQXKPI KPUKFG VJG
PWENGWU
6JKU RTQDNGO KU QH EQWTUG YGNNMPQYP CPF YGNNFQEWOGPVGF 
UGG GI FG 8QU 
0WUUDCWO  )KXGP VJCV VJG 
UWDOKETQUEQRKE OQFGNU CTG PQV KPVTQFWEGF CU URGEKHKE
GZRNCPCVQT[ U[UVGOU HQT OCETQUEQRKE RJGPQOGPC RWRKNU CTG PQV OCFG RCTVPGTU KP YJ[ VJG
OQFGNU CTG CU VJG[ CTG 6JG[ UKORN[ CTG PQV RTQXKFGF YKVJ CP[ QVJGT OGCPU VQ TGCUQP CDQWV
VJG EQTTGEVPGUU QH C OQFGN VJCP KP VGTOU QH YJGVJGT VJKPIU TGCNN[ NQQM NKMG VJG[ CTG FGRKEVGF
#EEQTFKPIN[ VJG[ YKNN WPFGTUVCPF C FKTGEV RTGUGPVCVKQP QH VJG JKGTCTEJKECN UVTWEVWTG QH OCVVGT
CU C UVQT[ CDQWV JQY VJKPIU NQQM QP CP GXGT UOCNNGT UECNG 6JG KPVTQFWEGF 
UWDOKETQUEQRKE
GPVKVKGU OQTGQXGT CTG VJGP QHVGP WPFGTUVQQF D[ VJGO CU UOCNNUECNG OCETQUEQRKE QDLGEVU
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0QY QPG OC[ UKORN[ CEEGRV VJCV RWRKNU CTG KPFGGF PQV OCFG RCTVPGTU KP YJ[ VJG OQFGNU
CTG CU VJG[ CTG DWV PGXGTVJGNGUU JQNF VJCV C FKTGEV RTGUGPVCVKQP QH VJQUG OQFGNU RTQXKFGU C
WUGHWN RTGRCTCVKQP VQ WPFGTUVCPFKPI TCFKQCEVKXG RJGPQOGPC + VJKPM VJGTG CTG CNUQ IQQF
TGCUQPU VQ FQWDV VJG NCVVGT (QT QPG VJKPI YJGP TCFKQCEVKXG RTQEGUUGU CTG KPVTQFWEGF KP
OKETQVGTOU RWRKNU	 WPFGTUVCPFKPI QH VJQUG RTQEGUUGU UVKNN XGT[OWEJ FGRGPFU QP JQY VJKPIU
CTG FGRKEVGF 6JKU OC[ DG KNNWUVTCVGF D[ VJGKT TGCEVKQPU VQ VJG HKIWTGU  CPF 
(KIWTG  (KIWTG 
(KIWTG  UJQYU VJCV GNGEVTQPU OQXG KP C UJGNN CTQWPF VJG PWENGWU 9JGP NCVGT KP VJG WPKV
VJG RWRKNU YGTG VQNF VJCV UQOG PWENGK CTG WPUVCDNG CPF GOKV TCFKCVKQP UQOG QH VJGOYQPFGTGF
YJ[ VJKU TCFKCVKQP KU PQV UVQRRGF D[ VJG UJGNN CTQWPF VJG PWENGWU 
KG VJG UQNKF NKPG CTQWPF
VJG PWENGWU #PF CHVGT JCXKPI UGGP HKIWTG  UQOG RWRKNU CUMGF YJGVJGT TCFKCVKQP KU PQV
CDUQTDGF D[ YCVGT CPF YJCV VJQUG VJKPIU HN[KPI VJTQWIJ VJG CKT CTG 6JG VGCEJGT GZRNCKPGF
VJCV VJG YCXGU CV VJG DQVVQO FQ PQV TGRTGUGPV YCVGT DWV LWUV NKMG VJG VJKPIU CDQXG KV C MKPF
QH TCFKCVKQP CPF CFFGF VJCV QH EQWTUG VJG TCFKCVKQP ECPPQV DG UGGP 5QOG RWRKNU VJGP
YQPFGTGF JQY QPG ECP VGNN VJCV VJG MKPFU QH TCFKCVKQP NQQM CU FGRKEVGF
5QOG QH VJG KPVTQFWEGF 
UWDOKETQUEQRKE GPVKVKGU OQTGQXGT UGGOGF VQ DG WPFGTUVQQF CU
UOCNNUECNG OCETQUEQRKE QDLGEVU 5QOG RWRKNU HQT KPUVCPEG UCKF VJCV GCEJ KPFKXKFWCN PWENGWU
ITCFWCNN[ NQUGU CNN KVU TCFKCVKQP VJCV JCNHNKHG KU VJG VKOG KP YJKEJ C PWENGWU NQUGU JCNH QH KVU
TCFKCVKQP QT VJCV WPUVCDNG PWENGK GOKV TCFKCVKQP CU NQPI CU VJG[ CTG WPUVCDNG 6JKU VCNM OCMGU
UGPUG KH YG WPFGTUVCPF KV CU DGKPI CDQWV UOCNN RKGEGU QH TCFKQCEVKXG OCVGTKCN
+ VJKPM KV CNUQ URGCMU CICKPUV C FKTGEV RTGUGPVCVKQP QH 
UWDOKETQUEQRKE OQFGNU CU RTQXKFKPI
C WUGHWN RTGRCTCVKQP VQ WPFGTUVCPFKPI TCFKQCEVKXG RJGPQOGPC VJCV RWRKNU FQ PQV GZRGTKGPEG
KV CU UWEJ &WTKPI VJG GNCDQTCVG VTGCVOGPV QH VJG EJCRVGT 	1P CVQOU	 HQT KPUVCPEG RWRKNU
YQPFGTGF YJCV OQNGEWNGU CVQOU RTQVQPU GVE JCXG IQV VQ FQ YKVJ YJCV VJG WPKV YCU
UWRRQUGF VQ DG CDQWV TCFKCVKQP 
IKXGP VJCV VJG VKVNG QH VJG WPKV KU 	4CFKCVKQP [QW ECPPQV
# 2TQDNGO2QUKPI #RRTQCEJ
 0QVG VJCV VJKU TGCUQPKPI KU PQV HCTHGVEJGF +H YG TGRNCEG 	GNGEVTQPU	 D[ 	TCFKCVKQP	 KV KU KP CEEQTFCPEG YKVJ RWRKNU	
RTGKPUVTWEVKQPCN DGNKGHU EQPEGTPKPI KTTCFKCVGF HQQF 
EH UGEVKQP 

CXQKF KV	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4 Understanding understanding
[T]here could not be thoughts in one mind
if there were no other thoughtful creatures
with which the first mind shared a natural world.
Davidson (1989b)
When thought takes thought as subject matter,
the observer can only identify what he is studying
by finding it rational -that is, in accordance with
his own standards of rationality.
Davidson (1990b)
4.1 Introduction
Understanding, as a human activity we are all engaged in, is in a sense rather unproble-
matic. We all know that people "think and reason; they consider, test, reject and accept
hypotheses; they act on reasons, sometimes after deliberating, imagining consequences
and weighing probabilities; they have desires, hopes and hates, often for good reasons.
They also make errors in calculation, act against their own best judgement, or accept
doctrines on inadequate evidence" (Davidson, 1985c). It are these kinds of accomplish-
ments, activities and errors that set us apart from other animals, and that make us the
rational animals we are. Furthermore, "[t]here is no secret about the nature of the
evidence we use to decide what other people think: we observe their acts, read their
letters, study their expressions, listen to their words, learn their histories, and note their
relations to society. How we are able to assemble such material into a convincing
picture of a mind is another matter" (Davidson, 1987a).
   It is this 'other matter' that is the major subject of this chapter. It is, of course, a
matter that has been treated in various ways in various disciplines (philosophy, psychol-
ogy, neurobiology, etc). I myself am very much attracted to Donald Davidson's
approach to the subject, because it answers to my basic intuitions and is rather compre-
hensive in scope.1) Davidson's leading question is: what makes it possible that people
come to understand one another? His approach to this question, and the answers he
comes up with, have served as a general background and source of inspiration for my
thinking about matters relating to science education (as may already have become clear
from section 2.2).
Davidson's approach, and the answers he comes up with, depend on his analysis of the
                                        
1. This chapter may therefore be read as my understanding of Davidson's philosophy of mind. I do not want to
claim that I fully understand Davidson's philosophy as he intends it to be understood, nor that there are no
internal tensions in it that will have to be remedied. My aim here is not to try to improve on Davidson's
approach but to expose the leading ideas behind it. I am aware, and Davidson would be the first to admit,
that many of the basic ideas are not new and can be found in the writings of various people. What is new is
the way in which they are explicitly combined into a coherent whole. It is only because Davidson presents
the ideas in the light of his coherent whole that in the following I mainly quote Davidson (unless indicated
otherwise). I have also profited from lectures that Davidson has delivered in Utrecht and Leuven in the fall
of 1994.
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special kind of understanding that is involved when two people understand one another.
And indeed this kind of understanding is special: for what we are after when we want to
understand others, is that we are able to view them as having thoughts about and talking
about a world they share with us, as having needs, values, hopes and fears, as acting
intentionally to promote their values and as subject to moral evaluation. We want to
understand them, and to be understood by them, as endowed with thought and reason, as
rational agents, and as intending to be understood as such. So we know beforehand that
the question what it is that makes mutual understanding possible has an answer, because
the nature of thought, speech and intentional action is such as to be made interpretable
(understandable). Of course this does not answer the question, but rather asks for a
further illumination of the nature of thought, speech and intentional action.
   From the fact that the phenomena to be illuminated are social phenomena, it follows
that such an illumination must show how it is possible for one person to fathom the
thoughts, meanings and actions of another, on the basis of publicly observable behaviour
(roughly: on the basis of the other's motions, made noises, and place in the world). This
does not entail that thought, meaning and action "can be defined in terms of observable
behaviour, or that [they are] 'nothing but' observable behaviour; but it does imply that
[they are] entirely determined by observable behaviour, even readily observable
behaviour" (1990c). That simply is all an interpreter has to go on.
In sections 4.2 and 4.3 I draw attention to some basic ideas about what is involved in,
and makes possible, mutual understanding, by discussing some rather simple examples
of how we actually do come to understand one another. In section 4.4 I will somewhat
further elaborate these ideas and discuss their consequences concerning such issues as
the relations between the subjective, the objective and the intersubjective, and between
the social and the physical sciences. In appendix 1, finally, I give an indication of how
the rather informal account of sections 4.2 and 4.3 can be turned into a serious theory of
interpretation. In my opinion this theory, if further developed, will be of important
methodological relevance to science educational research, and the social sciences in
general.
4.2 Understanding human thought and action
4.2.1 The ineluctability of a sharing of standards of rationality
What is intentional meets minimal standards of rationality
In trying to understand others as rational agents, I want to render them intelligible to me
in much the same way as I want to be intelligible to them. I want to understand others as
much like myself, as sharing my basic thoughts and values and as answering to basic,
and shared, norms of rationality. That I cannot do without norms and even have no
choice but to assume that others share my basic norms of rationality, should not be
thought of as my lack of imagination or as some authoritarian trait of mine. It simply is
an unavoidable consequence of the special kind of understanding that I am trying to
reach, namely understanding within the realm of the intentional. In fact, already simply
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to say of someone that she performed an intentional action is at the same time to declare
that she shares minimal norms of rationality with me. For an intentional action is an
action done with some intention, and for me to understand it as such there is the
minimal requirement that I recognize some value she wants to realize, and a belief that
by acting as she does she has some chance of realizing the value. If I say of her, for
instance, that she raises her arm with the intention of catching her teacher's attention,
she must have wanted to make it the case that she has caught her teacher's attention (no
doubt for further reasons), and she must believe that by raising her arm she has some
chance of achieving her end. Still, her having this desire and this belief is not enough.
She must have gone one step further -in fact so simple a step, that we are apt to miss its
subtlety. She must have concluded -from her finding something desirable in it being the
case that she has caught her teacher's attention, and her belief that by raising her arm
she has some chance of catching her teacher's attention- that there is something
desirable about raising her arm. That is, "a belief and a desire explain an action only if
the contents of the belief and desire entail that there is something desirable about the
action, given the description under which the action is being explained. This entailment
marks a normative element, a primitive aspect of rationality" (1987b). So it is rather a
matter of definition that what is intentional meets minimal standards of rationality.
Norms and the holistic nature of thought and action
It will be clear that there is more to rationality than just this simple entailment, and I
will now discuss some more aspects. The following is not meant, however, as the
exhaustive and definite list of basic norms of rationality. I just want to give some idea of
the kinds of norm that seem to play a role in mutual understanding. What the norms of
rationality do is regulate the relations between beliefs, desires, intentional actions, etc;
they tell when a collection of beliefs, desires, intentions, etc, are related in such a way
that they form a rational set.
   An obvious set of regulative principles is given by the principles of logic. If I have the
belief that it is raining and storming, I also have both the belief that it is raining and the
belief that it is storming. If I have the belief that now it is not raining here, I do not have
the belief that it is raining here and now. If I believe both that all whales are mammals
and that Moby Dick is a whale, I also believe that Moby Dick is a mammal. Or, to put
things the other way round: if we understand someone as believing that all whales are
mammals, as believing that Moby Dick is a whale, but also as believing that Moby Dick
is not a mammal, we somewhere must have misunderstood that person because the set of
those three beliefs does not form a rational set. We must try again and revise our under-
standing of that person.
Another principle regulates our choices between courses of action when we see various
options. In the case mentioned above, we considered a pupil who raised her arm because
she found something desirable in catching her teacher's attention and believed that
raising her arm would promote that value. This case illustrates a simple form of
reasoning: to conclude from the perceived value of the end to the perceived value of the
means. But usually our reasoning is more complicated. We do not normally "perform
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every action that we believe would promote some good or satisfy some obligation. We
don't, if for no other reason that we can't, since acting to promote one good will often
prevent our acting to promote some other good. And of course many actions that we
know would promote some good we also know would produce much greater evils"
(1987b). Let me again take a simple example: buying new clothes. I think we all know
the sort of thing that happens: we end up with various pieces of clothing and will have to
make a choice. We will take into consideration how well the various pieces fit us, try
some combinations, think about whether they combine with clothes we already have,
judge their quality, compare their prizes, see how well, young or fashionable we look in
them, think about what 'the others' will think of them, ask for a second or third opinion,
etc. Usually an endless number of things can be said, and will be said, both for and
against each particular piece (or combination of several pieces). But after some period
of deliberation in which we weigh the pros and cons (a period that for some people is
better measured in hours than in minutes), we usually manage to reach an overall judge-
ment: a judgement that, all things considered, we should buy this or that piece or this or
that combination of pieces. (Which overall judgement is reached after the weighing will
of course vary from individual to individual, depending on personal taste, budget, etc.) I
am now in a position to state the second principle, which Davidson calls the principle of
continence, and which simply tells us to act on our overall judgement, to act on the
judgement based on all the considerations we deem relevant. In the case at hand it tells
us to actually buy the clothes that, all things considered, we had judged we should buy.
It will be clear that sometimes we do not act on our own best overall judgement, but I
think that in those cases we must confess that we really do not understand, and would
have a hard time explaining to someone else, why we acted as we did. Suppose one
Friday evening I am on the bus from work to home. Somewhere halfway it suddenly
strikes me that I have left a book on my desk, a book that I will probably need for the
homework I plan to do during the weekend. I check my suitcase, and indeed: I do not
carry the book with me. I do not act impulsively (get off the bus immediately to fetch
the book, for example), but sit back and think. I think about the amount of trouble I
would have to go through were I to fetch the book: I would have to wait for the bus in
the opposite direction; since the building I work in is already closed, I would have to
call a security guard to let me in; since I do not carry my ID card with me, I can only
hope that the security guard knows me; in fact, if the security guard is not cooperative, I
may not even be let in; furthermore, even if all goes well I will get home at least an
hour later, and I am already pretty hungry as it is now -and well, perhaps I do not ever
come to work this weekend, and even if I do, I will very well be able to carry on
without the book. All things considered, I come to the conclusion that I should simply
leave the book the book. Still ... at the next stop I get off the bus to return to my office
and fetch the book. Clearly, this is an irrational act of mine. I go against my own
principle. And as an irrational act, it is an act that damages mutual understanding. For
suppose that you are a witness of what happens next: you see me get off the bus, wait a
quarter of an hour for a bus in the opposite direction, get off near the building I work in,
make a telephone call, have a long argument with a security guard, eventually get into
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the building, take a particular book from my desk, and finally take a bus home. You
cannot but conclude that it must have been very important for me to have that book with
me during the weekend. And if I honestly were to tell you that ... well, it is not really
that important ... you would be right in saying that it is hard to understand, then, why I
went through all that trouble. And I cannot but admit that; I do not understand myself on
this occasion.
The principle of continence also plays a role when we consciously choose among
possible courses of action in the light of the various consequences each of them may
have:
[W]e value a course of action ... because of the value we set on its possible conse-
quences, and how likely we believe those consequences are, given that we perform the
action ... In choosing among courses of action ... therefore, we choose one the relative
value of those consequences, when tempered by the likelihood of those consequences,
is greatest. Courses of action are usually gambles, since we don't know for certain
how things will turn out. So to the extent that we are rational we take what we believe
is the best bet available (we 'maximize expected utility'). (1980b)
[This] does not mean that all the ways the [best bet available] may turn out are more
desirable than any of the ways the alternatives may turn out, but that the weighted sum
of the desirabilities of the outcomes of the chosen course of action is greater than the
weighted sum of the desirabilities of the outcomes of any of the alternatives. The
'weights' are, of course, the probabilities [we assign] to the outcomes; in other words,
[our] beliefs. (1985d)
The final principle I want to mention is closely related to the principle of continence.
Following Carnap and Hempel, Davidson calls it the principle of total evidence for
inductive reasoning. "[W]hen we are deciding among a set of mutually exclusive
hypotheses, this [principle] enjoins us to give credence to the hypothesis most highly
supported by all available relevant evidence" (1985a), or to let the degree of belief in
each hypothesis depend on the support it gets from all available relevant evidence.2)
The need for norms to regulate the relations between beliefs, desires, intentional
actions, etc, is related to the holistic nature of beliefs, desires, intentions, etc. To have
(or to attribute) one belief, desire or intention, is to have (or to attribute) a whole array
of them. Simply to have the intention to go to the cinema tomorrow evening, for
instance, already presupposes lots of other things. I must know what a cinema is. I must
see my way clear into reaching the cinema that I intend to go to. I may have read a
review of the film that is on at the cinema. That review may have given me the idea that
I am going to like the film. The expected enjoyment is in fact one of my reasons for
intending to go to the cinema. I must not have other plans, or have made other appoint-
ments, for tomorrow evening. I will have to know how late the film starts and how long
it will take me to get from my home to the cinema. Perhaps I also judge that it would be
best to make a reservation, because tomorrow is Friday and I want to be sure that... and
so on, and so on. (I do not want to say, of course, that having the intention to go to the
                                        
2. Note that thus formulated, this principle not only applies to inductive reasoning, but e.g. also to solving a
murder mystery.
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cinema tomorrow evening requires the background of this particular list, but that there
must be some such list of interlocked beliefs and desires if anything is to count as the
intention to go to the cinema tomorrow evening at all.) Given this holistic nature and the
fact that the relations between beliefs, desires, intentions, etc, ramify in so many and
complex ways, we simply could not do without regulative principles in order to keep
track of all those relations.
As already noted, I have mentioned the above principles as illustrations of the kinds of
norm of rationality that play a role in mutual understanding. I do not want to suggest
that they are all the norms there are, nor that we always act in accordance with them,
nor that people explicitly know the norms. The point is rather that we cannot do without
some such norms (since norms are always involved in mutual understanding), that they
must be largely shared, and that people normally act in accordance with them. So "[t]he
way to improve our understanding of such understanding is to improve our grasp of the
standards of rationality implicit in all interpretation of thought and action" (1990c; see
also appendix 1). The point can also be made in several other ways:
[T]he more flamboyant the irrationality we ascribe to an agent, the less clear it is how
to describe any of his attitudes, whether deviant or not, and ... the more basic we take
a norm to be, the less it is an empirical question whether the agent's thought and
behaviour is in accord with it. (1985f)
Relatively small differences take shape and are explained against a background of
shared norms, but serious deviations from fundamental standards of rationality are
more apt to be in the eye of the interpreter than in the mind of the interpreted. (1985a)
The underlying paradox of irrationality, from which no theory can entirely escape, is
this: if we explain it too well, we turn it into a concealed form of rationality; while if
we assign incoherence too glibly, we merely compromise our ability to diagnose
irrationality by withdrawing the background of rationality needed to justify any
diagnosis at all. (1982)
4.2.2 Two interpretative devices for understanding thought and action
Whatever the norms of rationality are, they are all normative, not in the sense that they
tell which particular beliefs and desires someone should have, but in that they tell how
the beliefs, desires, intentions, etc, should be related to one another and to the way in
which someone's behaviour is described in order to understand that behaviour as inten-
tional action. The normative elements of rationality thus put constraints on patterns of
beliefs, desires, intentions, etc. Unless a rational pattern -a pattern that satisfies these
constraints- can be discovered in someone's behaviour, that behaviour cannot be
described or understood as intentional action. This is why the normative elements are
ineluctable for understanding and why they must be shared by all who want to under-
stand others as, and want to be understood by others as, intentional creatures. For "to
find someone else intelligible in the way that intentional actions are intelligible is to
recognize one's own ground level norms realized in the behaviour of the other" (1985g).
   To put it another way: I try to understand you in terms of attitudes like holding true,
wanting to be true and intending to make true, and my task is to give content to these
attitudes -to find out what you hold true, what you want to be true, what you intend to
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make true; what you believe, know, remember, notice or perceive is the case; what you
want to be the case, what you hope or fear will be the case; what you intend to make the
case; about what being the case you are pleased, astonished, surprised or proud, etc. It
is in giving content to your attitudes -that is, in attributing to you beliefs that something
is the case, desires that something be the case, intentions to make something the case,
etc- that the beliefs, desires, intentions, etc, thus attributed get related. And so it is in
giving content to your attitudes that the normative elements constrain me to do this in
such a way that the beliefs, desires, intentions, etc, I thus attribute to you are related in
accordance with the norms. That is, the norms are constitutive of my attributions of
beliefs, desires, intentions, etc, to you; they play a constitutive role in my giving
content to your attitudes, not by identifying particular beliefs, desires, intentions, etc,
but by specifying the relations that should hold between them. The concepts of belief,
desire, intention, etc, are intentional in nature, and as such have criteria of application
that are governed by the norms of rationality. Those norms are not set by nature, but by
us when we decide to view others, and ourselves, as intentional creatures. The una-
voidable assumption that we share basic norms of rationality "comes to no more than
this, that it is a condition of having thoughts, judgements, and intentions that the basic
standards of rationality have application" (1985f).
A sharing of basic norms of rationality is one key to what makes mutual understanding
as intentional creatures possible, and application of the norms is an important interpreta-
tive device. But, as noted, this device only puts constraints on patterns. It does not
enable the identification of particular beliefs and desires. For that purpose another
device has to come into play as well. This other device is based on the simple idea that
in the most basic cases what a belief (or desire) is about is determined by what regularly
causes the belief (or desire). If I believe that a car is approaching, it generally will have
been an approaching car that has caused my belief; my desire to eat an apple may have
been caused by my seeing an apple in front of me, in that case it is the apple in front of
me that has inspired my desire to eat an apple. Conversely: the belief that is inspired by
and only by approaching cars is apt to be the belief that a car is approaching; the desire
that is caused quite regularly by sightings of apples may very well be the desire to eat an
apple. This simple idea is a direct correlate of the common sense view of how we learn
our first language: "in the simplest and most basic cases words and sentences derive
their meaning from the ... circumstances in which they were learned. A sentence which
one has been conditioned by the learning process to be caused to hold true by the
presence of fires will be true when there is a fire present; a word one has been
conditioned to be caused to hold applicable by the presence of snakes will refer to
snakes" (1989a). I will come back on this simple idea in section 4.3; in section 4.4.1 I
will discuss its further, and profound, consequences for how we are to view, according
to Davidson, the relations between a mind, other minds and the world. Now I just
mention that with the second interpretative device, the one that is based on this simple
idea, we have found our way into identifying the contents of particular beliefs (or
desires) that someone has.
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Let me summarize what has been established so far. Firstly, the norms of rationality are
constitutive of thoughts, by specifying the relations that should hold between beliefs,
desires, intentions, etc. Secondly, it is also constitutive of (at least the basic) thoughts
that they are about what regularly causes them. Thirdly, it is the complex interplay of
those two constitutive elements by which we come to understand others.
4.3 How the contents of basic thoughts are determined
According to Davidson, "[w]hat is needed in order to give objective content to ...
thoughts is ... the right sort of causal interaction between [different] observers in their
shared environment" (1988). This picture involves three elements: a society of two (or
more); the right sort of interpersonal connections between the members of the society; a
world that is shared by the members of the society and in which their interpersonal
connections take shape. Davidson holds both that all three elements are necessary to
give content to thoughts, and that they are irreducibly related in that they either stand
together or fall together. I will try to illustrate the three elements and their interrelations
at two cases in which the question of content-fixing causes for basic thoughts naturally
arises.
4.3.1 Interpretation from scratch
The first case is interpretation from scratch: a situation in which two people who speak
unrelated languages, and are ignorant of each other's languages, are left alone to learn
to communicate. Let one of the imagined pair, she, take the initiative and speak; the
other, he, tries to understand.
Some first steps towards mutual understanding
The best she can do is to be interpretable. She will use a finite supply of distinguishable
sounds (or signs, or whatever she believes can be easily distinguished by him as well)
and apply them consistently to objects and situations she believes are salient and
believes he is in a good position to observe as well. If she chooses to utter sounds, she
will not utter complicated strings of sounds (what in her language, let's assume that it is
English, are full sentences) such as 'The small brownish animal that you see climbing in
the third tree on your left is what I call a squirrel.' Rather she will draw his attention to
the squirrel as well as she can (point at it, mimic its climbing motions), and sound very
clearly and slowly: 'There's a squirrel' -or better still: the one-word sentence 'Squirrel.'
She will try to focus his attention on often recurring features or activities and on objects
she can touch, while uttering the appropriate one-word sentences: 'Eat'; 'Tree'; 'Stone';
'Brown'; 'Mouth'; 'Moon'; 'Red'; 'Leg'; 'Apple'; 'Water'; 'Kiss'; 'Grass'; 'Sleep';
'Cow'; 'Hard'; 'Sunrise'; 'Wet', etc.
The best he can do is assume that she intends to be interpretable; that by making the
sounds she makes she is expressing thoughts that are meant to be understood by him;
that she is bending all her efforts to make his task to find out what the contents of her
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thoughts are (or what she means by the sounds she makes to express them) as easy as
possible by limiting herself to basic thoughts about what can readily be observed -about
features in their shared environment she finds, and believes he will find, salient. It is
clear that all he has to go on in fathoming her thoughts (or the meaning of the sounds
she makes) is, on the one hand, the sounds themselves, and, on the other, the context in
which she makes them: the things that are going on or are present in their shared
environment; the further things she does (point, touch, ...); the things he is doing or that
they are doing together, etc. His task is, roughly, one of finding similarities and
correlating: he must class together utterances that sound relevantly similar to him; for
each class of similar sounding utterances, he must note, as complete as he can, the
circumstances in which each member of the class has been uttered; he must then try to
find a salient feature that is common to all those circumstances. This common and
salient feature will then be his first guess of what that particular utterance means (what
the particular thought that she expresses by that utterance is about). He will, as a first
approximation, take this common and salient feature to be the cause of her thought and
of her disposition to utter those particular sounds -as a first approximation, because he is
aware that especially in the early stages of his project he is likely to get things wrong.
   If he really wants to understand her, and wants to find out whether he has got it right
or wrong, he should somehow make his present understanding available to her. Here is
an example of what he does. He has noted a common and salient feature accompanying
her utterances that sound to him very much like 'kras,' and that common and salient
feature causes him to hold true his one-word sentence 'Zolp' -that is, he has noted that
in all cases that she has applied her word 'kras', he has held his word 'zolp' applicable.
What he does next is collect a bunch of things that for him are also clear cases in which
his word 'zolp' is applicable, and show those things to her while echoing as well as he
can her relevant utterance: 'Kras.'
Let us change point of view again. She sees him coming with a lettuce, some leaves,
some beans and even an emerald; she hears him uttering, while he is pointing at all
these things, something that comes very close to her 'Grass.' If she had not already been
aware of it all the time, at least at this point she comes to realize how much she needs
him too, in addition to the objects and events in their shared environment, in order to
make herself understood. For unless he does not somehow make his present
understanding available to her, she has no way to find out whether she has made herself
understood or even whether she has been understandable at all. So she does not take him
as pulling her leg, or as holding such strange beliefs as that lettuces, leaves, beans and
emeralds are all kinds of grass. Rather she takes him as seriously intending to show her
his present understanding, and realizes that now it is her task to find features that are
common and salient both to the circumstances in which she previously uttered her
'Grass' and to his presentation of lettuces, leaves, beans and emeralds. She guesses that
the common and salient feature in all those cases has been the presence of something
green.
Now it is up to her again to choose some appropriate action. In fact, which course of
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action she chooses will depend on what she intends to achieve. She may, for instance,
intend to make him speak and understand 'proper English,' perhaps for the somewhat
imperialistic reason that everybody should be able to speak and understand 'proper Eng-
lish,' or for the simple reason that the people in the environment all speak and under-
stand, at least to some extent, 'proper English,' so that it would be convenient for him
to speak and understand 'proper English' as well. She then would somehow have to
make available to him the following: how she thinks he has understood her utterances of
'Grass;' that that is not how she intended to be understood; how, in fact, she did intend
to be understood; that an utterance of 'Green' would be her way of expressing the
thought that she thinks he has taken her utterances of 'Grass' to express.
   But if she merely intends to eventually be able to successfully communicate with him,
there is no reason for her to take this course of action. She could simply praise him for
his present understanding, try to further establish whether after this praise he is indeed
disposed to utter 'Grass' in the presence of, and only in the presence of, something
green, and if so, finally choose to conform to this practice herself as well. A basic
element of their later successful communication would thus have been set up: her utter-
ance of 'Grass' means what his utterance of 'Grass' means, since she holds it true when,
and only when, he holds it true -their shared belief in the truth of the utterance is
systematically caused by the same features of their shared environment. That by this
move she is misusing her native language (that she is not speaking 'proper English') is
of no import. If mutual understanding is all that matters, they might very well reach it in
a language they create for themselves in the process of reaching it. In fact, if the two of
them are stranded on this desert island, the idea 'misuse of a language' does not even
have application. For what the sounds they utter mean is just what they take them to
mean in their coming to understand each other. That simply is (defines, characterizes)
'their language;' it is a product of their mutual understanding, and not something that
they already shared and subsequently applied to understand one another. And since there
are no other hearers than just the two of them, there is also no particular reason to
conform to the conventions of either's past social situation.3)
Much more needs to be done to reach mutual understanding
                                        
3. Although the idea 'misuse of a language' does have application in cases other than that of two people
stranded on a desert island, still this idea is quite generally of no use for an understanding of how we come to
understand each other. For even if someone misuses a language, we usually have no problem in
understanding that person. The idea 'misuse of a language' seems to depend on the idea of a reified language
-something against which actual uses of language by speakers can be checked for correctness, e.g.: proper
English. Perhaps for the reason to encourage conformity within a linguistic community we may want to, and
often do, correct someone who in our opinion clearly misuses the common practice of that community. But
also in that case we first have to find out what it is that that person means by the words he or she uses,
because otherwise we would not know into what we had to correct his or her misuse. By introducing the idea
of a reified language, we simply legislate what is to count as 'the' proper use of language. But at the same
time we then sever the link from using language (in the sense of producing distinguishable patterns of sounds,
signs, or whatever) to the purpose of using language (to understand and to be understood). So the idea of a
reified language is of no use in trying to understand our linguistic competence: "[w]e must give up the idea of
a clearly defined shared structure which language-users acquire and then apply to cases. And we should ...
give up the attempt to illuminate how we communicate by appeal to conventions" (1986b).
Understanding understanding
    
63
It will be clear that the above story is a far from complete account of how she and he
come to understand one another. It could, for instance, happen that -contrary to the
above case, where he had his word 'zolp'- in his 'native' language there is no single
word to refer to the salient feature that he finds common to all the circumstances in
which she has uttered a particular word.4) This does not matter, as long as he is able, as
in the above, to find out in which circumstances she uses the word and to check the
correctness of his finding. From then on he may simply use her word.
   The story also does not pay attention to how complex sentences, or predicates and
sentences that are less directly geared to easily detected goings-on (the more theoretical
concepts and statements), are going to be understood. It is here that the complex
interplay with the first interpretative device even more clearly comes forward than in the
above story -with the device, that is, that concerns the relations between thoughts (and
the sentences used to express them). When she is going to compose complex sentences,
words are going to appear in several sentences. His task then, roughly, becomes the
following: to detect some types of composition; to find out what kind of relations hold
between some complex sentence (of a given type) and simpler expressions that he
already understands and that are contained in the complex sentence; to infer an under-
standing of complex sentences (of that given type) on the basis of those relations; to
make his understanding available to her.5) Her task is, as before, to make his task as
easy as possible: by choosing easily detectable 'rules of composition;' by reacting as
clearly as she can when he makes available her present understanding to her, etc. In
trying to understand her more theoretical concepts and statements he will have to depend
much on evidential relations. He will, for instance, have to find out which sentences
(that he already understands) she takes as evidence for the application of her theoretical
predicates or her belief in some theoretical statement. In all these cases she depends, as
always, as much on him as he on her in their process to reach mutual understanding. It
will also be clear that this process is never really finished, given that the ramifications of
the relations between thoughts are so many and complex, and that from a finite vocabu-
lary and a finite number of 'rules of composition' a potential infinity of sentences can be
constructed to express those thoughts (cf appendix 1).
   The story also does not mention that "[w]hat begins with mutually observed reactions
                                        
4. A case like this might arise if I were to understand Eskimos. If it is indeed true that they have more than
twenty words for 'snow,' it is clear that not for all of those words there will be an existing Dutch (or Eng-
lish) word to translate it.
5. Suppose she has composed some simple two-word sentences: 'Cow brown;' 'Wet stone;' 'Grass apple,'
which she utters consistently in the presence of brown cows, wet stones and green apples. He notes the
simple 'rule of composition': saying two words, one after the other. He also notes that in the cases that she
has uttered 'Grass apple,' he has held true both the sentence 'Grass' and the sentence 'Apple' (and the same
applies mutatis mutandis for the other sentences). He conjectures the following relations: the truth of 'Grass
apple' entails both the truth of 'Grass' and the truth of 'Apple' (and mutatis mutandis for the other
sentences). From this he assumes the following for the truth conditions of the given type of composed sen-
tence: an utterance of 'x y' is true if, and only if, it is uttered in the presence of something that is both x and
y. From this assumption the conjectured entailments follow, since the truth conditions of 'x' (or 'y') simply
are: an utterance of 'x' ('y') is true if, and only if, it is uttered in the presence of something that is x (y). He
will make his present understanding available to her by uttering, for instance, 'Stone grass' in the presence of
something that is both a stone and green (in fact, in the presence of the emerald that he gave her earlier).
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to mutually observed phenomena soon graduates to something more useful" (1993a).
They will, for example, use their mutually understood words to tell each other what they
have seen that morning, what they expect to happen tomorrow, what they wished the
other would do. In fact they can, and surely will, use their words for almost any extra-
linguistic purpose they may happen to have: for informing, commanding, inquiring,
lying, speaking metaphorically, "joking, story-telling, goading, exaggerating, insulting,
and all the rest of the jolly crew" (1984a, p.165).
Summary
Although the simple story I have sketched surely is not the whole story, it is hard to
believe that it is not a basic part of the whole story. It is the part in which the contents
of basic thoughts (or the meaning of the words used to express them) is determined by
the direct interactions between her, him, and the objects and events in their shared
environment. Davidson often describes the determination as a kind of triangulation:
- she and he are two of the vertices of a triangle;
- from each of them originate two lines: the first is the expression of a thought (say, by
making sounds) that is directed to the other person, the second is a 'line of thought'
directed to what the thought is about according to the person that expresses it; 
- a base line between her and him is established by a piece of successful communi-
cation: when she and he share, and know of each other that they share, the disposition
to hold applicable a particular pattern of sounds;
- once a base line has been set up with respect to a particular pattern of sounds, a
simple triangulation at the same time determines the third vertex -what both of them
speak or think about when they utter that particular pattern of sounds; what the
objective content of the thought they then share is: it is the intersection of their
respective 'lines of thought.'
How much they depend on each other to fathom each other's thoughts follows, in this
picture, from the fact that it takes two (or more, of course) to triangulate. And that they
have to make their present understanding of the other(s) available to the other(s) -by
means of "the right sort of causal interaction ... in their shared environment; in a word,
communication" (1988)- corresponds to the setting up of a base line that is needed for
the triangulation to work.
I will close this subsection by mentioning one consequence of the above story. From the
fact that the story does not mention or depend on the details of the mechanisms that
constitute the causal chains from her to him (and him to her), and from spoken-of object
or event to her to him (and him to her), it follows that those details cannot in themselves
matter to how she and he come to understand one another and to what their thoughts are
about (or what their words mean). The kinds of details that I have in mind concern such
things as: the acoustical and visual signals that speed between her, him and what they
speak of; the stimulations of their nerve endings; the processes in their nervous systems
and brains -all those things do play a causal role, of course, but no theoretical role. The
story only depends on the following device: she and he take their words and thoughts to
have as subject matter the very publicly observable objects and events that are salient to
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both her and him. The criterion for salience is the establishment of a base line: she and
he must share, and know they share, dispositions to appropriate verbal behaviour. This
is the only interaction between her, him and their environment that matters to the story.
It leaves everything else that happens in between out of the account of how she and he
come to understand one another and of what their thoughts are about (or what their
words mean). So if the story is correct (not as the whole story, but as a basic part of the
whole story), then it shows in effect that such an account can do without considering
anything else that happens in between. According to the story, as long as she and he
share a disposition to appropriate verbal behaviour, the respective states of their neural
networks or nervous systems may be just what they are -very different, for instance.
This is not to deny, of course, that it is important that each of them has senses, a
nervous system and a brain.
4.3.2 A fragment of first language acquisition
"It would be good if we could say how language came into existence in the first place,
or at least give an account of how an individual learns his first language, given that
others in his environment are already linguistically accomplished. These matters are,
however, beyond the bounds of reasonable philosophic speculation" (1991a). Neverthe-
less, some fragment of the child's learning to use its first words seems obvious enough -
that fragment where a parent teaches a child a word by reinforcing its random babbling
on appropriate occasions. This fragment, which has some connections with the above
story and which is somehow related to the question of content-fixing causes for basic
thoughts, is the second case I want to consider.
A child's learning to use its first words versus interpretation from scratch
Put in greatly simplified terms, the primitive learning situation can be described as
follows: "[t]he child babbles and when it produces a sound like 'table' in the presence of
tables it is differentially rewarded; pretty soon the child says 'table' in the presence of
tables" (1989b). Of course the parent must notice the child's utterances of 'table,' notice
the presence of a table, notice that the child is in a position to observe the table, and
make it as clear as possible to the child that it is rewarded for, and for nothing but, its
utterance of 'table' (by repeating the utterance, by rewarding the child immediately after
its utterance, etc).6) The parent thus stimulates the child to display verbal behaviour that
the parent finds appropriate and a first success of the conditioning process is achieved
when the child produces sounds that the parent finds relevantly similar in situations that
the parent finds relevantly similar. (The parent will usually also condition the child to
make the appropriate sounds, and correct the child's mispronunciations into, for
instance, 'proper English'-pronunciations. If the parent does consciously entertain any
reasons for making such corrections at all, it may be for the reason to enhance the
child's chances for successful future communication within their linguistic community.
But in principle, or if all that matters is the future communication between child and
parent, such corrections are not necessary. If the child were to utter 'cable' in the
                                        
6. I do not want to suggest that a parent always does these kinds of things deliberately. A lot of it happens
naturally and spontaneously, of course. What matters is that the parent knows when to reward the child.
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presence of, and only in the presence of, tables, the parent could choose to leave it at
that, at least for the time being.)
Let me now compare the previously discussed case, in which she and he were left alone
to learn to communicate, with this fragment of first language acquisition. In the former
case she and he come to understand one another's basic thoughts by reference to the
publicly observable objects and events that are salient to both her and him. Each of them
reacts both to the other's utterances and to their shared environment. Each of them
explicitly considers and formulates hypotheses concerning the features of their shared
environment that the other's basic thoughts are about or that the other thinks one's own
basic thoughts are about. Each of them consciously treats as evidence the combination of
the other's utterances and features of their environment accompanying those utterances
in order to test such hypotheses. The criterion for the acceptance of a hypothesis is the
establishment of a base line by means of successful communication: each of them is
aware (and is aware that the other is aware, etc) that they share a disposition to hold an
utterance applicable.
   In the latter case the parent conditions the child to exhibit a piece of appropriate
verbal behaviour by reference to observable objects and events that the parent thinks are
hard to miss for the child. The parent reacts both to the child's utterances and to features
in the environment. The parent consciously treats as evidence the combination of the
child's utterances and features of the environment accompanying those utterances in
order to be able to differentially reward the child. The criterion for the success of the
conditioning is the establishment of some sort of base line by means of appropriate
rewards: the parent consciously rewards the child when its behaviour is appropriate.
What is common to both cases is the reference to publicly observable objects and events,
and that in the end both parties have matching (dispositions to) pieces of behaviour (she
is disposed to utter 'Grass' whenever he is; the child utters 'table' whenever the parent
is jjljljljl                                                                                                       disposed
to utter 'Table')7). What is different is that in the former case both she and he
consciously used the reference to publicly observable objects and events, and that both
she and he were aware (and aware of the other's awareness) that they shared dispositions
to pieces of behaviour, while in the latter case it can only confidently be said that the
parent uses the reference to publicly observable objects and events and is aware of a
sharing of dispositions to pieces of behaviour. Already being at home with the business
of linguistic communication, both she and he are aware of the existence of a triangle,
one vertex of which is he, another she and the third their common world. Furthermore,
both she and he take each other's simple verbal behaviour as responses to (or basic
thoughts about) aspects of their common world, where the aspect that oneself or the
other is thinking about is determined by matching pieces of verbal behaviour -by
gauging each other's responses (basic thoughts). Analogously the parent, being linguis-
                                        
7. As already noted, it is not necessary that the pieces of behaviour are identical. All that is needed is that they
match: it would do equally well if she is disposed to utter 'Grass' whenever he is disposed to utter 'Zolp', or
if the child utters 'cable' whenever the parent is disposed to utter 'Table.'
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tically accomplished, takes her or his own simple verbal behaviour as responses to (or
basic thoughts about) aspects of the world. And since the parent holds applicable the
sentence 'Table' (has the basic thought that a table is present) whenever the child utters
'table,' the parent can see the child's utterances of 'table' as responses to tables.
Behaving in different ways in different circumstances versus expressing thoughts about
the world
But does the child also see itself as responding to tables, does it by uttering 'table'
intend to express the thought that a table is present, does it express any thought at all,
does it have the concept of a particular object or kind of object (e.g., the concept
'table')? To get the point of these questions, it is perhaps useful to make a comparison.
Just as the parent conditioned the child to display a particular kind of behaviour (an
utterance of 'table') in particular situations (whenever a table is present), so we can
condition a dog to display a particular kind of behaviour (say, jump on a chair) in
particular situations (say, whenever a bell rings). If the conditioning has succeeded, we
can see the dog's jumps on a chair as responses to a kind of event in the world (a ring of
a bell). But does the dog also see itself as responding to rings of a bell, does it by
jumping on a chair intend to express the thought that a bell is ringing, does it express
any thought at all, does it have the concept of a particular event or kind of event (e.g.,
the concept 'ring of a bell')?
Let me try to reformulate the problem in a familiar way. Whereas it is doubtful whether
the child and the dog are aware that they are reacting to something in the world, it
seems safe to say that they are experiencing certain sensations. Please do not complain
that we do not know what is directly experienced in sensation, or that we have no way
of finding out what the sensations of others are. I accept the complaints, and I admit that
an appeal to phenomena such as experienced sensations is an appeal to phenomena more
postulated for the sake of the problem than independently open to study and observation.
   For the primitive learning to take place, the child and the dog (and we too, of course)
must have some built-in selective mechanism that allows them (and us) to discriminate
among sensations, to experience some sensations as more alike than others. One experi-
enced sensation must be enough like another for the child to provoke similar behaviour
(an utterance of 'table'); one experienced sensation must be enough like another for the
dog to provoke similar behaviour (a jump on a chair); one experienced sensation is
enough like another for us to provoke similar behaviour (an utterance of 'The child
utters "table"' or 'The dog jumps on a chair'). We can say that the child, like us, is able
-more or less naturally, or after some minimal learning by conditioning- to class
together the experienced sensations of various seeings of something that is a table;
analogously, the dog is more or less naturally able, like us, to class together the experi-
enced sensations of various hearings of something that is a ring of a bell; we are more or
less naturally able, like the child, to class together the experienced sensations of various
hearings of something that is an utterance of 'table' by the child, or the experienced
sensations of various seeings of something that is a jump on a chair by the dog.
   What we can do, is take our provoked behaviour (say, an utterance of 'The dog jumps
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on a chair') as an expression of a simple perceptual belief: for us, the experienced
sensation (the seeing of something that is a jump on a chair by the dog) is related to our
coming to have a belief (our seeing that there is something that is a jump on a chair by
the dog). By uttering 'The dog jumps on a chair' we express the belief that there is some
event in the world that is of a certain kind (that is a jump on a chair by the dog).
Similarly, by uttering 'The child utters "table"' we express the simple perceptual belief
that there is some event in the world that is an utterance of 'table' by the child. Whereas
our experienced sensations are principally inaccessible to others, our simple perceptual
beliefs have objective content because they claim the existence of events (or objects) of
a certain kind that are publicly observable. Our claims may of course be false, and we
may even intentionally make false claims. We may for instance lie: represent ourselves
as holding true our utterance 'The dog jumped on a chair' with the intention that others
will understand us as claiming that an event occurred that is a jump on a chair by the
dog, while we know that no such event occurred.
   The problem now is whether the child, or the dog, apart from experiencing a sensation
(the seeing something that is a table, or the hearing something that is a ring of a bell),
also comes to have a simple perceptual belief (that there is something that is a table, or
that there is something that is a ring of a bell); whether the child by uttering 'table,' or
the dog by jumping on a chair, claims the existence of an object or event in the world
that is of a certain kind (that is a table, or a ring of a bell); whether the provoked
behaviour has objective content for the child, or the dog; whether the child, or the dog,
also has the attitudes 'holding true' or 'holding false'; whether the child, or the dog, can
lie: utter 'table', or jump on a chair, with the intention that others will understand it as
claiming the presence of an object that is a table, or the occurrence of an event that is a
ring of a bell, while it knows that there is no such object present, or that no such event
occurred.
One requirement for a creature's experienced sensations to be related to simple
perceptual beliefs is that it has the concept of the cause (the stimulus) -the idea that its
experienced sensations are caused by some stimulus that exists independently of its
experiencing the sensations. Having this idea, the creature can then take itself as
reacting differentially to stimuli -as responding similarly to what it takes to be similar
stimuli. But this requirement is not enough and it is even doubtful whether a single
creature by itself could have the concept of the stimulus. The problem is that the single
creature has no way of locating the stimulus: is it reacting to a brain state or change, to
events in its nervous system, to arrays of light striking its retina and sound waves
striking its ear-drum, to objects or events further away from its skin and if so, to which
of them?; where in the causal chain is it to locate the relevant cause? Or to put it in
another way: "[t]he criterion on the basis of which a creature can be said to be treating
stimuli as similar, as belonging to a class, is the similarity of the creature's responses to
those stimuli; but what is the criterion of the similarity of the responses?" (1991a).
Without a second creature that is in interaction with the first, there can be no answers to
these questions; only the responses of the second creature to the responses of the first
creature (and vice versa) can provide the criterion. What is needed is that each creature
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comes to note (and by means of the right sort of interaction with the other comes to note
that the other comes to note, etc) that whenever it takes itself as responding to similar
stimuli, the other's responses are similar as well. So the criterion is the establishment of
a base line: both creatures' awareness (and awareness of the other's awareness) that their
similarity responses match. Once a base line has been established, once they share, and
know they share, for example the disposition to utter 'Table', each creature can then
take an utterance of 'Table' (both by itself or by the other) as a response to a common
stimulus -a stimulus that is located, because it is common, in a world that is external to
what is going on inside of each of them and that they share. This is what gives them
their sense of objectivity, "the concept of objects and events that occupy a shared world,
of objects and events whose properties is independent of [their] thought" (1991b).
Indeed, each of them can then take an utterance of 'Table' (both by itself or by the
other) as a thought they share about the world they share -the thought that there is an
object in the world that is a table. So the second requirement for a creature's experi-
enced sensations to be related to simple perceptual beliefs is that there is a second
creature, and that both creatures are aware (and are aware of the other's awareness) of
the existence of a triangle of which they are two vertices, and of which the third vertex
is a common stimulus -an object or event in a world thus made common. For them to
know that they are so related requires that they be in communication; only communica-
tion can create the awareness that they share thoughts and a world with each other. Each
of them must understand, and be understood by, the other.
I still have not answered the questions whether the child (the dog), after it has been
successfully conditioned to utter 'table' (to jump on a chair), does see itself as respond-
ing to tables (to rings of a bell), does by uttering 'table' (jumping on a chair) intend to
be understood as expressing the basic thought that a table is present (that a bell is
ringing), or does have the concept of a particular object or event, or kind of object or
event, e.g. the concept 'table' ('ring of a bell'). But I have formulated the conditions
under which these questions can be answered in the affirmative: the child (the dog) must
be aware of the existence of a triangle; it must be in communication with others; it must
understand, and be understood, by others. It is no secret that at some stage the child
begins to understand the basic verbal behaviour of others as making claims about an
external world; begins to speak itself in order to make claims about the external world;
discovers the possibility of lying, of uttering 'table' with the intention that other people
will take the utterance as its claim that there is an object present that is a table while it
knows that no such object is present; begins to communicate with others about what it
thinks is the case, about what it expects will be the case, about what it intends to make
the case, about what being the case it is surprised, etc. This is, of course, merely a
restatement of the great mystery of first language acquisition. We know that children
begin to do these kinds of things at some stage, while we never see dogs doing these
kinds of things. We know that it happens with children, but not how it happens. (Of
course we do know that, when compared to human brains, canine brains lack a part, so
that it is likely that the dog's lack of such a part will be the cause of what prevents it
from happening with dogs, while the presence (and workings) of that part in the child's
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brain will play a causal role in what allows it to happen with children.)
Some further remarks on first language acquisition
Although first language acquisition remains as great a mystery as it has always been,
some consequences follow from the above. Firstly, the child's discovery of itself as a
thinking being (as a speaker and hearer), is at the same time also its discovery of other
thinking beings (of speakers and hearers other than itself), and of a world that it shares
with those other people and about which it shares many thoughts with them. The
subjective, objective and intersubjective -or knowledge of one's own mind, knowledge
of the world, and knowledge of other minds- are irreducibly related: none can be based
on one or both of the others, they all presuppose each other, and they emerge together (I
will come back on this in section 4.4.1). Secondly, although the presented fragment of
first language acquisition is by far not the whole story of first language acquisition, it is
a basic part of the whole story. The reason is that the objects and events in the world by
reference of which the parent has conditioned the child to display pieces of verbal
behaviour are, when in the end the child itself takes these pieces of verbal behaviour as
expressions of thoughts about the world, the very objects and events that those thoughts
are about. Thus, finally, what in the most basic cases our thoughts are about (and the
words we use to express them mean) is determined by the circumstances in which we
learned, and used, the words; "this much 'externalism' is required to explain how
language can be learned, and how words and [thoughts] can be identified by an inter-
preter" (1987a).
As already noted, the above fragment is a far from complete account of first language
acquisition. I certainly do not want to claim that a child learns to use all its words by
means of a direct exposure to the objects and events that the words normally refer to:
some words may be learned by paging through picture books, watching television, etc.
Someone who has learned from books what a guanaco looks like may never have been
caused to accede to 'That's a guanaco' by seeing a guanaco, and yet be prepared
(having seen pictures of guanacos perhaps) to accede when he does see one. Or, to take
a harder case; someone may know, in some reasonable sense, what a guanaco is, and
that it is not a llama, and yet be regularly caused to assent to 'That's a guanaco' in the
presence of llamas. In both these cases, the contents of the belief that there is a
guanaco present is determined, not by exposure to guanacos, but by having acquired
other words and concepts, such as those of llama, animal, camel, domesticated, and so
forth. Somewhere along the line, though, we must come to the direct exposures that
anchor thought and language to the world. (1991b)
The fragment does not consider how the child comes to understand beliefs by their
relations to other beliefs. Nor the related issues of its learning to use more complex
sentences and sentences it has never heard or spoken before, and its coming to use more
theoretical predicates and statements. All these things will involve the child's grasp of
the basic norms of rationality (the norms that regulate the relations between beliefs,
desires, intentions, etc). In summary, and to stress both the two constitutive elements of
thought and the public availability of thoughts (as well as the words used to express
them):
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There are no words, or concepts tied to words, that are not to be understood and inter-
preted [and learned, KK], directly or indirectly, in terms of causal relations between
people and the world (and, of course, the relations among words and other words,
concepts and other concepts). (1989a)
But most importantly, and this is the gist of much of the foregoing, the fragment cannot
be the whole story because it is essentially behaviouristic and as such suffers from the
same deficiency that behaviourism suffers from quite generally: it leaves out the mind
altogether.8)
A creature may react with the world in complex ways without entertaining any proposi-
tions. It may discriminate among colours, tastes, sounds and shapes. It may 'learn',
that is, change its behaviour in ways that preserve its life or increase its food intake. It
may 'generalize', in the sense of reacting to new stimuli as it has come to react to
similar stimuli. Yet none of this, no matter how successful by my standards, shows
that the creature commands the subjective-objective contrast, as required by belief.
(1985c)
A sharing of naturally experienced similarity
I have already mentioned that the child, the dog and we must have some built-in
selective mechanism that allows them and us to discriminate among sensations, to
naturally experience some sensations as more alike than others, to instinctively class
together experienced sensations. I think it is safe to say that all creatures must have
some such built-in mechanism in order to survive (evolution will have had something to
do with it). In order to set up some sort of a base line with another creature (whether by
conditioning or communication), I do not have to know anything about the details of my
own built-in mechanism or that of the other creature. But there is one obvious require-
ment that must be met for the establishment of a base line to work: if I instinctively
experience the sensations I have on different occasions as similar, the other creature
must on the same occasions have sensations that it too (more or less naturally or after
minimal learning by conditioning) experiences as similar. The other creature's
sensations may be whatever they are, as long as it experiences (because of the way that
it is constructed) its sensations as similar whenever I (because of the way that I am con-
structed) experience my sensations as similar. Experienced similarity is all that I need to
share with the other creature, and nothing else -even the way in which we are con-
structed may be different (as dogs and humans are differently constructed and, of
course, already different human beings are to a larger or smaller extent differently
constructed).
The criterion for a sharing of experienced similarities, I hope by now this no longer is a
                                        
8. Behaviourists will, of course, claim that what I call its deficiency is in fact the great virtue of behaviourism:
all that there is to the mind -thought, intentional action, meaning, attitudes like holding true, wanting to be
true, etc.- is 'nothing but' or (by definition) reducible to observable input and output that are described in
non-mental terms (and ideally in terms of the ultimate physics). I have already noted that Davidson rejects all
'nothing but' and (definitional) reductionist approaches -"I despair of behaviourism and accept frankly ...
attitudes ... such as holding true" (1984a, p.231)- while he still maintains that thought, intentional action and
meaning are entirely determined by readily observable behaviour. In section 4.4.2 I will come back on
Davidson's views on the relation between body and mind -the physical and the mental, the non-intentional and
the intentional, the non-rational and the rational.
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surprise, is a matching of similarity responses: she is disposed to respond similarly (with
an utterance of 'Grass') whenever he is disposed to respond similarly (with an utterance
of 'Grass'); the child 'responds' similarly (with an utterance of 'table') whenever the
parent is disposed to respond similarly (with an utterance of 'There's a table'); the dog
'responds' similarly (with a jump on a chair) whenever we are disposed to respond
similarly (with an utterance of 'A bell is ringing'). Without a sharing of experienced
similarities between she and he, the child and its parent, the dog and us, there would be
no way to establish these matchings of similarity responses.
I have some while ago introduced the phenomenon of experienced sensation in order to
formulate the difference between behaving in different ways in different circumstances
(we can also see sunflowers and earthworms as doing that), and expressing thoughts
about the world (as we have seen only communicators can do). But since what is
required for two people to have basic thoughts and to determine the contents of each
other's basic thoughts is their recognition of a triangle of which they are two of the
vertices and the third is what their (shared) thought is about, and since the determination
of the contents of those basic thoughts depends on no more than their awareness (and
awareness of the other's awareness) of a matching of similarity responses, it follows that
the phenomenon of experienced sensation plays no theoretical role in determining the
contents of those basic thoughts: "although sensation plays a crucial role in the causal
process that connects beliefs with the world, it is a mistake to think it plays an
epistemological role in determining the contents of those beliefs" (1989a). It is
important for empirical knowledge and the acquisition of language that we have senses,
a nervous system, a brain, etc, and it is important to recognize that the senses, their
deliverances and the workings of the nervous system and the brain do play a causal role
in knowledge and the acquisition of language, but they are not and do not provide or
supply an epistemological foundation (an ultimate source of justifying evidence) for
meaning or empirical knowledge. In fact, and I will come back on this in section 4.4.1,
meaning, belief and empirical knowledge not only do not have such an epistemological
foundation, they do not need a foundation of this kind. Rather, a "community of minds
is the basis of knowledge; it provides the measure of all things" (1991a).
So although "[t]here is an abundance of puzzles about sensation and perception, ... these
puzzles are not ... foundational for epistemology. The question [for example] of what is
directly experienced in sensation, and how this is related to judgements of perception,
while as hard to answer as it ever was, can no longer be assumed to be a central
question for the theory of knowledge" (1989a). The same goes for the question what the
details are of the built-in selective mechanism that allows humans (or dogs) to
discriminate among sensations, to behave in different ways in different circumstances. It
is not a question for the theory of knowledge, but a question in the research of human
(or canine) physiology -a research question in, for examples, biophysics or
neurophysiology. Given what humans (dogs) naturally and easily class together (for
humans: seeings of tables, seeings of something green, seeings of jumps on a chair,
hearings of 'table', etc; for dogs: seeings of other dogs, seeings of cats, hearings of
Understanding understanding
    
73
rings of a bell, etc), given how they instinctively 'generalize' (come to behave similarly
to sensations that are experienced as similar), biophysical or neurophysiological studies
in perception will try to uncover the mechanism that accounts for those facts about
human (canine) nature: "the facts about salience, attention and tendencies to generalize
in some ways rather than others" (1991c). When these kinds of questions get answered
in biophysics or neurophysiology, the answers will tell us a lot about how a human (dog)
is constructed, about what similarities in the respective ways that humans and dogs are
constructed account for the fact that both humans and dogs are able to instinctively class
together seeings of dogs, seeings of cats, hearings of rings of a bell, etc, and about the
details of parts of the causal processes that connect the provoked behaviour of a human
(dog) with the world; but the answers will not enable us in any way to say whether some
provoked behaviour of a human (dog) is to count as an expression of a thought or as an
intentional action, let alone to determine the contents of thoughts or intentions (I will
come back on this in section 4.4.2.)
4.4 Implications and additions
In the above I have presented a rather (I admit:) detailed elaboration of some rather (I
hope you admit:) simple ideas about what is involved in, and makes possible, mutual
understanding: the two interpretative devices, their complex interplay, a society of
interacting minds in a natural world they share, the establishment of a base line by
communication, etc. In appendix 1 I somewhat further elaborate these ideas in the
direction of a theory of interpretation: a theory which incorporates a structure that, on
the one hand, the observable behaviour of an agent must exhibit near enough if the agent
is to have beliefs, desires, intentions, etc at all, and on the other hand enables an
interpretation of that behaviour as intentional action and meaningful speech. In this
section I further elaborate some themes that have already, more or less implicitly,
emerged in the above: the relation between knowledge of one's own mind, knowledge of
other minds and knowledge of the world, and the relation between the physical and the
mental.
4.4.1 Three varieties of knowledge
In the foregoing it has already quite explicitly been stated that knowledge of one's own
mind, knowledge of other minds and knowledge of the world are irreducibly interre-
lated. To briefly recapitulate some steps:
[U]ntil the triangle is completed connecting two creatures, and each creature with
common features of the world, there can be no answer to the question whether a
creature, in discriminating between stimuli, is discriminating between stimuli at the
sensory surfaces or somewhere further out, or further in. (1991a)
The problem is not ... one of verifying what objects or events a creature is responding
to; the problem is that without a second creature interacting with the first, there can be
no answer to the question. And if there can be no answer to the question what a
creature means, wants, believes or intends, it makes no sense to hold that the creature
has thoughts. (1989b)
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Until a base line has been established by communication with someone else, there is no
point in saying a person's thoughts or words have a propositional content. (1991a)
If I did not know what others think I would have no thoughts of my own and so would
not know what I think. If I did not know what I think, I would lack the ability to gauge
the thoughts of others. Gauging the thoughts of others requires that I live in the same
world with them, sharing many reactions to its major features, including its values.
(1991a)
A society of minds that share, and know they share, a world and a way of thinking about
the world is the basis of all three varieties of knowledge; all three varieties of
knowledge "are located conceptually in the world we inhabit, and know we inhabit, with
others" (1991a); "all three varieties of knowledge are concerned with aspects of the
same reality; where they differ is in the mode of access to reality" (ibid). Although I
will come back on the differences somewhat later, it is perhaps useful to now take away
one possible worry that may have arisen: the worry "that if all our knowledge ... is
objective, we will lose touch with an essential aspect of reality: our personal, private
outlook" (ibid). This worry will be seen as groundless, however, once it is recalled from
the foregoing that "objectivity itself [has been traced] to the intersections of points of
view [of two (or more) personal, private outlooks, KK]; for each person, the relation
between his own reactions to the world and those of others" (ibid). For then we recog-
nize that our knowledge "has its basis not in the impersonal but in the interpersonal.
When we look at the natural world we share with others we do not lose contact with
ourselves, but rather acknowledge membership in a society of minds" (ibid).
The public and correct nature of thought
Given that each of the three kinds of knowledge necessarily both depends on and is
indispensable for the others -that "there could not be thoughts in one mind if there were
no other thoughtful creatures with which the first mind shared a natural world" (1989b)-
it follows that it is not problematic whether there are other thinkers, whether there is a
world, or whether knowledge of other minds or the world is possible.
   As such Davidson's position contrasts with the common idea that the subjective
(knowledge of one's own mind) is the measure of all things -that there is a subjective
world prior to everything else. If this conception allows the existence of an external
world or other minds at all, it gets burdened with all sorts of gaps that are principally
unbridgeable: between 'my' world and 'the real' world; between 'my' world and 'your'
world; between my understanding of you and your understanding of yourself, etc.
Davidson's position leaves no room for such priority of the subjective and for the
existence of such unbridgeable gaps "since it predicates self-knowledge on knowledge of
other minds and the world. The objective and the intersubjective are thus essential to
anything we can call subjectivity, and constitute the context in which it takes form"
(1991a).
Furthermore, the very methods that enable a determination of the contents of thoughts,
at the same time make for the establishment of an intersubjective standard of correctness
and for a sharing of thoughts that are, according to this standard, largely correct. This
public and correct nature of thought springs "from the nature of interpersonal under-
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standing. Linguistic communication, the indispensable instrument of fine-grained
interpersonal understanding, rests on mutually understood sentences, the contents of
which are finally fixed by the patterns and causes of sentences held true", desired to be
true, intended to be made true, etc (1990c; see also appendix 1). In the end, everything
rests on a sharing of similarity responses and norms of rationality -on sharing, and
knowing that one shares, a world, many reactions to its major features and a way of
thinking about it, with someone else. No further epistemological foundations for thought
or knowledge are needed.
Conceptual relativism and scepticism
It will be clear that Davidson's position entails that there are limits to how much
individual or social systems of thought can differ, and thus opposes a particular reading
of conceptual relativism. "If by conceptual relativism we mean the idea that conceptual
schemes and moral systems, or the languages associated with them, can differ massively
-to the extent of being mutually unintelligible ... or forever beyond rational resolve-
then I reject conceptual relativism" (1989a). The problem is that this idea requires a
device that enables one person to say that someone else has concepts, and to say what
those concepts are concepts of, without understanding that other person. But as we have
seen there cannot be such a device, because to say that someone else has concepts is to
understand and be understood by that person. No such problem arises if we read con-
ceptual relativism as the (pedestrian) idea that there are differences between various
epochs, cultures or individuals -differences of kinds that we all recognize and struggle
with: with respect to style, taste, habits, areas of interest, directions in which thought
has developed, etc- without embracing the idea that there might be more comprehensive
differences. But also on this reading it must be remembered that the differences can only
take shape or made sense of against a large background of shared and correct thoughts.
That our thoughts are largely correct does not imply that they cannot be wrong. In fact,
each and every belief can be false (even a simple perceptual belief can be caused by
misleading sensations), each and every desire can be bad, etc. A first thing to note is
that it does not follow logically, from the premise that each and every thought could be
wrong, that the lot of them could be wrong or that they could be wrong all together. If
this reasoning was valid, it would also follow, from the premise that each and every
person that takes part in a lottery could win the first prize, that the lot of them could win
the first prize or that they could win the first prize all together.
   So the sceptic who wants to maintain that all our knowledge could be false all
together, must base his argument on something else than the fact that each and every
one of our beliefs could be false. But, and this is Davidson's answer to the sceptic,
given the way in which beliefs are identified it simply cannot happen that the lot of them
are false or that they are false all together: "enough in the framework and fabric of our
beliefs must be true to give content to the rest. The conceptual connections between our
knowledge of our own minds and our knowledge of the world are not definitional but
holistic" (1991a). By and large how we think the world is put together "is how it is put
together, there being no way, error aside, to distinguish between these constructions"
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(1985b).
The principle of charity
The insight that thought is by nature generally correct has made evaporate the traditional
problem in epistemology how we know that our knowledge is generally true, but in its
place condenses another problem: how to cope with error and false belief. Given that a
shared standard of correctness is the measure of everything, including our own thoughts,
incorrect thought cannot really be accommodated. Or to put it another way, given that
mutual understanding grows by extending a mutual standard of correctness, any attribu-
tion of false belief or error to someone else damages mutual understanding and thus also
the validity of the claim that that person has a false belief or has made an error. Instead
of attributing false belief or error to someone else, we may as well wonder whether we
have understood that person correctly. So the general policy is and remains to interpret
(or to adjust our interpretation of) someone in such a way that he or she comes out right
as often as possible or, alternatively, that the shared standard of correctness extends
further and further and further. This policy is Davidson's principle of charity: in a
slogan-like form it says that we must devise an interpretation that finds the other
"consistent, a believer of truths, and a lover of the good" (1980a, p.222). I hope it is
clear that the principle of charity is not, as the name might suggest, a friendly
methodological advice "resting on a charitable assumption about human intelligence that
might turn out to be false" (1984a, p.137). It rather emphasizes that a shared standard of
correctness is the measure of all things, that without such a shared standard there would
be no thought at all, and that by extending the shared standard we do not only improve
our understanding of others but along with that also the clarity and effectiveness of our
own concepts.
As a matter of principle, the principle of charity does not allow error or false belief. Or
to put it the other way round, error and false belief are what keeps the process of
interpretation going on: whenever our present understanding of someone forces us to
attribute error or false belief to that person, the principle of charity counsels us to revise
our present understanding. We should not think of mutual understanding as a project that
is finished at a certain time. Of course, we do not always have the time, opportunity or
motivation to actively engage ourselves in this project, and on this pragmatic level:
[t]he best we can do is cope with error holistically, that is, we interpret so as to make
an agent as intelligible as possible, given his actions, his utterances and his place in the
world. About some things we will find him wrong, as the necessary cost of finding him
elsewhere right. As a rough approximation, finding him right means identifying the
causes with the objects of his beliefs, giving special weight to the simplest cases, and
countenancing error where it can best be explained. (1990d)
Here are some ways to countenance error by explaining it: he mistook that sheep for a
goat, because he was not very well placed to observe the sheep (or did not wear his
glasses); he reached this false conclusion from these premises, because the inferential
chain was very long and he did not take enough time to work it out, etc. I could choose
to thus attribute error and false belief to him, and leave it at that. But in principle I
ought to ask myself: how well placed was I myself to observe what he called a goat (did
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I wear my glasses)?; was it really that sheep he was talking about?; does he use the word
'goat' as I do (did I wrongfully assume identity of meaning)?; did not I myself conclude
to hastily by attributing a reasoning mistake to him (did I perhaps make a mistake
somewhere in the inferential chain)?; was I right about what I think were his premises
and his conclusion (did I wrongfully assume identity of meaning)?; could it be that on
some reinterpretation of his premises and conclusion he did not make any reasoning
mistake at all?, etc.
Let me put it in yet another way. The best way, in principle, to deal with cases where
we suspect someone has made a mistake (has formed a false perceptual belief, has made
a reasoning error, has acted against his or her own best judgement, etc) is to try to
resolve the matter with that person. It is clear, however, that the resolution can only
work if both parties know of each other what the other is talking about and what 'the
matter' to be resolved actually is. And for both parties to know that of each other
requires that they have already tried to extend their mutual standard of correctness as far
as possible. Only on this condition might a subsequent exchange lead to a clarification
for both parties: perhaps the other will admit the mistake; perhaps we will find out that
we have made a mistake or misunderstood the other; perhaps the exchange will for both
parties lead to an adjusted view of the matter, etc. The resolution will, as always,
involve the complex interplay of the two interpretative devices or, alternatively, the
complex interplay of the two methods to extend the intersubjective standard of correct-
ness.
   Here, of course, we touch on "a good Socratic intuition: it is only in the context of
frank discussion, communication, and mutual exchange that trustworthy truths emerge"
(1990e, p.15). Although we do not know, and will never know, which of our thoughts
are correct or which truths have emerged in mutual exchange, what we do know is that
on the whole our thoughts are correct and that we have methods that lead to an extension
of our shared standard of correctness and thus to an increase in correct thought.9)
                                        
9. It is, perhaps, worth noting that this position falls outside the familiar isms, which all have in common that
they somehow try to define or characterize which statements, or sets of such, are true. For realists, for
instance, those statements are true which correspond to an observer-independent definite world structure.
Opposed to realism are the various brands of what is called anti-realism, which "humanize truth by making it
basically epistemic" (1990c), and which introduce "a dependence of truth on what can somehow be verified
by finite rational creatures" (ibid). For empiricists, for instance, the truth of some statements (observation
sentences) is directly tied to experience (to patterns of excited nerve endings, for example), while an
empirical theory is true (empiricists would probably use words like 'empirically adequate' or 'viable') just in
case it predicts and explains true observation sentences. That is, "[i]f truths about observables are called
'phenomena', then a theory is empirically adequate just in case it saves the phenomena, all the phenomena"
(Fine, 1986, p.143). Other brands of antirealism (that partly overlap with each other or with empiricism) have
in common that they portray the truth of a statement (or set of statements) as amounting to the fact that certain
people would accept that (set of) statement(s) under certain circumstances. Fine (1986, p.138) describes three
antirealisms that all fit this description but differ with respect to the 'certain people (subjects)' and the 'certain
circumstances': "If we let the subjects be 'perfectly rational' agents and the circumstances be 'ideal' ones for
the purposes of the knowledge trade ... then we get the picture of truth as ideal rational acceptance, and this is
the picture that Hilary Putnam ... paints for his 'internal realism.' If the subjects are not perfectly rational and
yet conscientious and well intentioned about things, and we let the circumstances be those marking a serious
dialogue of the kind that makes for consensus, where consensus is attainable, then we get the Wittgensteinian
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   "What is certain is that the clarity and effectiveness of our concepts grows with the
growth of our understanding of others. There are no definite limits to how far dialogue
can or will take us" (1991a). The dialectic imposes on both parties the constant burden
of interpretation -of applying the principle of charity, of applying the very methods that
eventually lead to an increase in correct thought. And of course it will be very useful to
"turn to a third party and a fourth to broaden and secure the interpersonal standard"
(ibid).
Differences between the three varieties of knowledge
In the above I have emphasized the interrelation between the three varieties of knowl-
edge. Let me now also point at some of the differences between them. A basic differ-
ence between my knowledge of the contents of another mind and my knowledge of the
contents of my own mind is this. The former is necessarily inferential, and depends
(among other things) on my consciously taking as evidence, and my framing of
hypotheses about, observed correlations between on the one hand the speech and other
behaviour of the person to be interpreted and on the other the objects and events in our
communal environment. The latter, on the other hand, is usually direct in that I
normally know what I believe, want, intend, or mean by my words without having to
rely on this kind of evidence or inference. A thought I have and the thought I believe I
have simply are one and the same thought, while a thought you have and the thought I
believe you have can only become the same thought (a shared thought) as a result of our
process of coming to understand one another. This asymmetry between interpreted and
interpreter cannot be obliterated but only be 'smeared out' by exchanging the roles of
interpreted and interpreter, i.e., by interacting and, in particular, communicating.
The basic difference between knowledge of the natural world and knowledge of another
mind (or one's own mind) is that we do not aim to discover rationality in nature,
whereas we cannot but understand another (or our own) mind as answering to (shared)
norms of rationality. Of course, also in studying the natural world we necessarily
employ our own norms (what else?). So the point to emphasize is not that we as
explainers and observers employ our norms in understanding the actions (including the
speech) of others. "The point is rather that in explaining action we are identifying the
phenomena to be explained, and the phenomena that do the explaining, as directly
answering to our own norms; reason-explanations make others intelligible to us only to
the extent that we can recognize something like our own reasoning powers at work"
(1987b, my italics).
4.4.2 The physical and the mental
                                                                                                              
position that Richard Rorty ... calls 'epistemological behaviourism.' Finally, if our subjects are immersed in
the matrix of some paradigm and the circumstances are those encompassed by the values and rules of the
paradigm, then we get the specifically paradigm-relative concept of  ruth ... that is characteristic of Thomas
Kuhn's ... antirealism."
According to Davidson and Fine, these isms (in so far as they can be made intelligible at all) are all
misguided by the idea that we are in need for characterizations or definitions of truth. For a further discussion
of these matters I refer to Davidson (1990c, part II) and Fine (1986, chapters 7 and 8).
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Anomalous monism
An issue somewhat related to the relation between knowledge of the natural world and
knowledge of a mind concerns the relation between mind and body, the mental and the
physical, the social and the physical sciences. Davidson has dubbed the position he
occupies with respect to the mind-body problem 'anomalous monism.' In short, "it
resembles materialism in its claim that all events are physical, but rejects the thesis,
usually considered essential to materialism, that mental phenomena can be given purely
physical explanations" (1980a, p.214). Below I further elaborate this position. Let me
first discuss the two components of anomalous monism: monism and anomalism.
According to Davidson, the mental and the physical should not be understood as
ontological categories but as conceptual categories: to say of a state or event that it is
mental (physical), is to say that we can describe it in mental (physical) terms. David-
son's monism says that states or events that are described in mental terms are also
describable, taken one by one (as opposed to taken type by type), in physical terms.
Descriptions in mental terms contain normative concepts such as belief, desire and
intentional action. So the following are examples of mental states and events: his
knowing that London is in England; his seeing that it's raining; her coming to believe
that a car is approaching; my wanting that this thesis is finished; her raising an arm to
catch her teacher's attention; his being proud that he has a beautiful car, etc. Descrip-
tions in physical terms draw only upon concepts in terms of which the basic laws of
nature are formulated. Since basic physics aims at a closed system of strict laws in the
light of which ultimately all that happens can be explained or predicted, in the ultimate
physics every event will be a physical event, i.e., describable by means of the concepts
in which those laws are formulated.
The other component of anomalous monism is: anomalism (of the mental). 'Anomalous'
should here not be read as odd or irregular, but as a-nomological, i.e., non-lawlike,
failing to fall under strict laws. Anomalism of the mental says that states or events do
not fall under strict laws when described in mental terms. This claim depends on the
distinction that Davidson makes between states (or events or objects) and types of state
(or event or object), and on the realization that laws deal with types of state (or event or
object). Particular states (or events or objects) only fall under a law if they can be
described as being of a type with which the law deals. It are states (or events or objects)
as described that instantiate laws.
Suppose a hurricane, which is reported on page 5 of Tuesday's Times, causes a catas-
trophe, which is reported on page 13 of Wednesday's Tribune. Then the event reported
on page 5 of Tuesday's Times caused the event reported on page 13 of Wednesday's
Tribune. Should we look for a law relating events of these kinds? It is only slightly less
ridiculous to look for a law relating hurricanes and catastrophes. The laws needed to
predict the catastrophe with precision would, of course, have no use for concepts like
hurricane and catastrophe. (1980a, p.17)
Like there are no strict laws relating events of the types just quoted, Davidson's
anomalism of the mental says that there are also no strict laws relating mental events of
a certain type and mental events of another type or relating mental events of a certain
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type and physical events of a certain type, i.e., that there are no strict psychological or
psychophysical laws. Strict laws do not employ mental concepts.
Anomalism of the mental (Davidson's arguments for which I shall turn to presently)
implies that freedom and natural necessity can very well co-exist in the same human
behaviour, because by lack of psychophysical laws the laws in the physical realm do not
carry over to the mental realm.
The nomological irreducibility of the psychological means ... that the social sciences
cannot be expected to develop in ways exactly parallel to the physical sciences, nor can
we expect ever to be able to explain and predict human [thought and action] with the
precision that is possible in principle for physical phenomena. This does not mean
there are any events that are in themselves undetermined or unpredictable; it is only
events as described in the vocabulary of thought and action that resist incorporation
into a closed ... system [of strict laws]. These same events, described in appropriate
physical terms, are as amenable to prediction and explanation as any. (1980a, p.230)
Even if someone knew the entire physical history of the world, and every mental event
were identical with a physical, it would not follow that he could predict or explain a
single mental event (so described, of course). (ibid, p.224)
Even if the laws of physics are completely deterministic, action and thought can still be
viewed as autonomous. And conversely, if physics turns out to be incurably
indeterministic, we do not need the indeterminacy of physics as providing some room
for free thought and action.
   Toward the end of this section I will present Davidson's argument that anomalism,
along with some further premises (among which the premise that the content of mental
states or events is determined by causal relations to objects and events in the outside
world), implies monism: 'free to act' and 'subject to a closed system of strict laws' are
necessarily united in the same behaviour.
The irreducible difference between mental and physical concepts
I will now first discuss Davidson's arguments for the impossibility of strict laws
relating the mental and the physical -that "the basic concepts of [the mental]
vocabulary cannot be reduced, or related by strict laws, to the vocabularies of
the physical sciences" (1987b). The main reason has already been mentioned:
the basic concepts of the vocabulary of thought and action have normative
criteria of application, whereas the physical concepts have non-normative
criteria of application; therefore they cannot be connected by strict laws.
Suppose we try to say, not using any mental concepts, what it is for a man to believe
there is life on Mars. One line we could take is this: when a certain sound is produced
in the man's presence ('Is there life on Mars?) he produces another ('Yes'). But of
course this shows he believes there is life on Mars only if he understands English, his
production of the sound was intentional, and was a response to the sounds as meaning
something in English; and so on. For each discovered deficiency, we add a new
proviso. Yet no matter how we patch and fit the non-mental conditions, we always find
the need for an additional condition (provided he notices, understands, etc.) that is
mental in character. ...
Beliefs and desires issue in behaviour only as modified and mediated by further beliefs
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and desires, attitudes and attendings, without limit. (1980a, p.217)
Furthermore, in establishing the correctness of our attributions of beliefs, desires,
intentions, etc, to an agent we are forced "to bring more and more of the whole system
of the agent's beliefs and motives directly into account. But in inferring this system from
the evidence, we necessarily impose conditions of coherence, rationality, and
consistency. These conditions have no echo in physical theory" (ibid, p.231), and cannot
"be stated in a purely physical vocabulary" (ibid, p.259).
It is a constitutive element of giving content to attitudes like holding true, wanting to be
true, intending to make true, etc, that the norms of rationality have application. There-
fore there are no necessary and sufficient conditions that allow us to attribute beliefs,
desires, intentions, etc to someone, to characterize a particular piece of behaviour as an
intentional action performed with a certain intention, or to interpret a particular sound
that someone makes as having a particular meaning. We must tailor all these attribu-
tions, characterizations and interpretations to the principle of charity, and "we must
stand prepared, as the evidence accumulates, to adjust our theory [our attributions, etc,
KK] in the light of overall cogency: the constitutive ideal of rationality partly controls
each phase in the evolution of what must be an evolving theory" (ibid, p.223). We must
always "consider how best to render the creature being interpreted intelligible, that is, as
a creature endowed with reason" (1991a).
   Of course, physical concepts too have constitutive elements, but those are not
governed by the norms of rationality. The concept of weight, for instance, depends on
the existence of a relation between objects (heavier than) that is transitive and asymmet-
ric, and of some empirical criterion on the basis of which we may assert that this object
is heavier than that object (a pair of scales' tipping to this side, for instance). Along with
some further constitutive axioms of the theory of measurement for weight, we can then
assign numbers (weights) to the objects such that a heavier object gets assigned a higher
number (weight), the weight of two objects equals the sum of the weights of the two
objects, etc, and such that the numbers are unique once a particular object has been
chosen as the unit of weight (cf appendix 1). The constitutive elements of the concept of
weight allow us formulate the necessary and sufficient conditions under which we are to
attribute a weight of, say, 1.46 Newton to an object. And when concepts like those of
weight are going to appear in lawlike statements, it are the constitutive elements of such
physical concepts that allow us to determine in advance whether or not the conditions
for application of the law are satisfied. In fact, "the existence of lawlike statements in
physical science depends upon the existence of constitutive ... laws like those of the
measurement of length [and weight] within the same conceptual domain" (ibid, p.221).
Of course it may happen that in an advanced physics there is no longer a use for the
concept of weight, but then that advanced physics would have to depend on other
concepts with strong constitutive elements in terms of which a closed system of laws
with precise conditions for application can be formulated.
One further consideration is this. Mental concepts are causal concepts, i.e., concepts
that have the notion of causality irreducibly built into them. An intentional action is one
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that is caused (in the right way) by beliefs and desires; beliefs and desires are in part
identified by the sorts of intentional action they tend to cause, and in part by the sorts of
event or object that regularly cause them. Of course, not only mental concepts are
causal, most of the concepts that feature in commonsense explanation are.
Many of us can do no better in trying to explain why some iron-filings moved than to
say there was a magnet in the neighbourhood; we know, of course, that magnets tend
to move iron filings. The concept of a magnet is a causal concept: something wouldn't
be a magnet if it didn't cause iron filings to move under certain conditions. (1993b)
When causal concepts are used in an explanation, this always depends on the assumption
that "a vast number of (unspecified and unspecifiable) factors that might have intervened
between cause and effect did not" (1993c). When objects, states or events are described
in terms of causal concepts, they do not instantiate strict laws, but rather rough
generalizations that cannot be made, and are not meant to be made, precise and
exceptionless. Generalizations, that is, that make use of causal tendencies, potentialities
or dispositions, and that are of the following type: an object (or state, or event) that is of
a certain kind has, under appropriate conditions, a cause of a certain kind or an effect of
a certain kind. E.g.: a magnet causes iron filings to move under appropriate conditions;
a slippery road causes appropriate objects to slip under appropriate circumstances; a
belief that there is a dog before me is under normal circumstances caused by the
presence of a dog before the person who has the belief; under appropriate circum-
stances, a desire to attract the teacher's attention causes an action of the person who has
the desire of which that person believes that it will result in it being the case that the
teacher's attention is attracted.
   In order to arrive at strict laws, a developing physics will extrude causal concepts
from its vocabulary, as the concept of a magnet is no longer needed (in an advanced
physics) once it can be said explicitly what the properties are that create magnetic fields.
So since mental concepts are causal, strict laws do not employ them, just like strict laws
do not employ, e.g., the concepts of a magnet or slipperiness.10)
What the above arguments, in one way or another, all come down to is that "[t]here are
no strict psychophysical laws because of the disparate commitments of the mental and
physical schemes" of description and explanation (1980a, p.222). "We have such a keen
interest in the reasons for actions and other psychological phenomena that we are willing
to settle for explanations that cannot be made to fit perfectly with the laws of physics.
Physics, on the other hand has as an aim laws that are as complete and precise as we can
make them; a different aim" (1991a).
                                        
10. It may also be that, for example, chemistry cannot be reduced to physics. Then there would be no strict
chemico-physical laws relating types of chemical state or event with types of physical state or event -laws,
for instance, that relate every chemical predicate C to some physical predicate P in a statement such as: for
every state (event) x, if x is C then x is P.
Note however that an argument for the irreducibility of chemistry (or biology, or solid state physics, or
geology, ...) to fundamental physics must be different from the above argument for the irreducibility of the
mental to the physical. For the latter irreducibility derives from the normative character of mental concepts,
whereas chemical, biological, etc, concepts do not have normative criteria of application. Still the latter
concepts may be causal, and if they are there will be no strict laws that employ them.
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Monism
As Davidson notes, it is certainly not a new point "that complete knowledge of the
physics of man, even if this covers, under its mode of description, all that happens, does
not necessarily yield knowledge of psychology ... [In fact, it is] a point made long ago
by Plato's Socrates" (1980a, p.250). Furthermore, "[t]he step from the categorical
difference between the mental and the physical to the impossibility of strict laws relating
them is less common, but certainly not new. If there is any surprise, then, it will be to
find the lawlessness of the mental serving to help establish the identity of the mental
with that paradigm of the lawlike, the physical" (ibid, p.223). But although its con-
clusion (monism) may be surprising, the argument itself is fairly simple.
The argument depends on three premises. Davidson (1980a, p.208) calls them: the
principle of causal interaction, the principle of the nomological character of causality,
and anomalism of the mental.
The first principle asserts that at least some mental events interact causally with
physical events. ... Thus for example if someone sank the Bismarck, then various
mental events such as perceivings, notings, calculations, judgements, decisions,
intentional actions, and changes of belief played a causal role in the sinking of the
Bismarck. In particular, ... the fact that someone sank the Bismarck entails that he
moved his body in a way that was caused by mental events of certain sorts, and that his
bodily movement in turn caused the Bismarck to sink. Perception illustrates how
causality may run from the physical to the mental: if a man perceives that a ship is
approaching, then a ship approaching must have caused him to come to believe that a
ship is approaching. (ibid)
This principle is related to the interpretative device that counsels an interpreter, in the
most basic cases, to take a speaker's words and thoughts to be about the sorts of object
and event that normally cause them (a device, of course, that always has to be used in
combination with the other device that regulates the relations between thoughts, actions,
etc).
   The second principle asserts that events related as cause and effect fall under strict
laws. That is, the laws, conjoined with a sentence that says one of the events (described
appropriately) occurred, entail a sentence that asserts the existence of the other event
(described appropriately). The key phrase here is 'described appropriately.' The
principle of the nomological character of causality does not say that under every
description two events related as cause and effect instantiate strict laws, but only that
they have descriptions that instantiate the laws. For example, if the event reported on
page 5 of Tuesday's Times caused the event reported on page 13 of Wednesday's
Tribune, the principle does not say that under the descriptions 'the event reported on
page 5 of Tuesday's Times' and 'the event reported on page 13 of Wednesday's Tribune'
these events instantiate strict laws (and, obviously, they don't), but only that there are
appropriate descriptions of these very same events that do.
   The third principle is anomalism of the mental, which has just been discussed: there
are no strict psychological or psychophysical laws.
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Let me now give the argument for monism. It applies to mental events that causally
interact with physical events, and so to all mental events in case "all mental events
ultimately, perhaps through causal relations with other mental events, have causal
intercourse with physical events" (1980a, p.208). Now, suppose m, a mental event,
caused p, a physical event. Then, according to the principle of the nomological
character of causality, under some description m and p instantiate a strict law. This law
can only be physical, according to anomalism of the mental. "But if m falls under a
physical law, it has a physical description; which is to say it is a physical event. An
analogous argument works when a physical event causes a mental event" (ibid, p.224).11)
Conclusion
The ultimate physics has just been depicted as a closed system for describing and
explaining that covers, under its mode of description, all that happens, and that does not
contain mental concepts (or any other causal concepts). I hope it will be clear, however,
that according to Davidson's position the ultimate physics should not be thought of as a
replacement of or improvement on schemes that do contain mental concepts (like natural
languages). Firstly, mental concepts cannot be reduced to physical concepts, and the
explanations we use to render human behaviour intelligible in the way that intentional
action is intelligible cannot be reduced to the explanations we use in physics. Secondly,
to understand, explain or learn physics we depend, as always, on our interactions with
others (knowledge of physics cannot be considered independently of knowledge of the
contents of one's own and other minds), and interpersonal knowledge acquisition cannot
do without mental concepts: it depends on understanding what the other is talking about,
on understanding each other's reasons for believing something, on communicating with
others in order to reach agreements (on how to measure weight, for instance), etc.
Mental concepts and our ways to understand human thought and action are essential to
all understanding, including an understanding of science.
So it does make sense to think of science as an "irreducible or semi-autonomous
[system] of concepts, or [scheme] of description and explanation, but only as [it is] less
than the whole of what is available for understanding and communication" (1980a,
p.244). This leads to a view of "the language of science not as a substitute for our
present language, but as a suburb of it" (1985b). The developing language of science, as
a fragment that lacks mental concepts, needs a more comprehensive language "in which
to incorporate or explain the fragment" (1980a, p.244), and which develops along with
the development of the fragment. Furthermore, an understanding of science, like
everything else, depends on a largely shared and correct view of the world, and its
further development aims at an extension of this view. "Science can add mightily to our
linguistic and conceptual resources, but it can't subtract much" (1985b).
                                        
11. Note that this argument need not only apply to mental events. If, for example, chemistry were not reducible
to physics (if there are no strict chemico-physical laws that relate types of chemical event with types of
physical event), it would still follow that chemical events that causally interact with physical events are also
describable, taken one by one, in purely physical terms. A second note is that some mental events may also
be identical with, for example, chemical, biological or physiological events, that is, have a description in
chemical, biological or physiological terms.
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5 A problem-posing approach to science
education
5.1 Introduction
5.1.1 A crude picture of (the development of) science
1)
In section 4.4.2 it has been argued that "[s]cience can add mightily to our linguistic and
conceptual resources, but [that] it can't subtract much" (Davidson, 1985b). The addition
consists, on the one hand, in the introduction of specific ways of classifying objects or
events, and of relating objects and/or events to one another, and on the other in the
recognition of regularities when objects or events are described in terms of these specific
ways of classifying and relating. This recognition of regularities may, in the course of an
empirical investigation, lead to the formulation of generalizations (inductive hypotheses),
e.g.: whales are mammals; whenever a piece of metal is heated it expands. If apart from
being confirmed by their instances such generalizations also support counterfactual and
subjunctive claims, they may be called lawlike. Someone who knows what their positive
instances are and how they cohere with those instances will then have good reason to
expect that they will cohere with other instances as well, to project them to unobserved
cases and to invoke them to advance counterfactual claims. This does not necessarily
imply that they will also be lawlike in the sense of being very precise and exceptionless,
although they may provide good reason to believe that there are more precise and more
widely applicable generalizations at work and perhaps even point at ways to formulate
such improved generalizations. A further addition may then consist in the introduction of
ways of classifying and relating with more precise and objective criteria of application, in
order to formulate more precise and wider applicable generalizations. The final goal will
be generalizations whose positive instances provide good reason to believe that they may
be sharpened indefinitely by drawing upon the same ways of classifying and relating in
terms of which they are already formulated. It will be clear that this final goal will only
be reached, if ever, in fundamental physics.
5.1.2 A few modifications and additions
Of course, the above is just a crude and very simplified picture, so let me make a few
                                         
1. This section is inspired by Davidson, 1980a, pp.207-227.
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attempts to paint a somewhat more realistic one (without in any way pretending to be
exhaustive). For one thing, the above does not throw any light on the actual
development of science. In this respect, Poincaré distinguishes two opposite tendencies
in the history of the development of science.
On the one hand, new relations are continually being discovered between objects which
seemed destined to remain for ever unconnected; scattered facts cease to be strangers to
each other and tend to be marshalled into an imposing synthesis. The march of science
is towards unity and simplicity. On the other hand, new phenomena are continually
being revealed; it will be long before they can be assigned their place -sometimes it may
happen that to find them a place a corner of the edifice must be demolished. In the same
way, we are continually perceiving details ever more varied in the phenomena we know,
where our crude senses used to be unable to detect any lack of unity. What we thought
to be simple becomes complex, and the march of science seems to be towards diversity
and complication. Here, then, are two opposing tendencies, each of which seems to
triumph in turn. (1952a, p.172-3)
The crude picture may also give the wrong impression that the development of science is
a straightforward process. It does not do justice, for instance, to the acts of genius and
major breakthroughs that have been involved. Sometimes a specific way of classifying or
relating "is so important that with its addition a whole department of science takes on a
new look" (Davidson, 1984a, p.183), e.g.: the specific, though simple, way of relating
events as 'occurring simultaneously' that Einstein has defined.
   The process is also not straightforward in the sense that there may be competing
theories, competing ways of describing and/or competing sets of hypotheses. This is quite
alright, of course, as long as there is meaningful disagreement between the proponents of
competing theories, i.e., as long as they correctly understand each other's ways of
describing, know the evidence by which each other's hypotheses are supported, and so on
(all of which depends, as argued in chapter 4, on common ground: a shared world, both
causally and conceptually, and shared norms of rationality). They can then challenge each
other and, e.g., think of experiments in which the different theories lead to different
predictions, and so on.
Furthermore, the development of science has not always proceeded without difficulties. It
has not always been and is not always the case, for instance, that the proponents of
competing theories reach a meaningful disagreement, but instead experience sheer
unsurmountable difficulties in their attempts to understand one another, even to the extent
of giving up such attempts altogether. It then almost seems as if they "practice their
trades in different worlds" (Kuhn, 1970a, p.150). In this connection, Kuhn has introduced
the notion of 'incommensurability:' "In the transition from one theory to the next words
change their meanings or conditions of applicability in subtle ways. Though most of the
same signs are used before and after a revolution -e.g. force, mass, element, compound,
cell- the way in which some of them attach to nature has somehow changed. Successive
theories are thus, we say, incommensurable" (1970b). Now, of course, these changes of
meaning are in principle harmless: they are not intractable and correct interpretation will
identify them as such. In practice, however, the subtle changes of meaning with respect to
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some words may easily give rise to situations in which two scientists fail to recognize that
they do not use those words in the same way, and as a result think they disagree on issues.
In the terms of section 2.2 it can be said that they then do not properly solve the problem
of interpretation: by wrongly assuming identity of meaning they come to attribute beliefs
to the other that the other does not, in fact, hold, and thus come to misunderstand each
other's theory. Ramberg therefore suggests to not so much think of incommensurability as
a relation between theories, world views, social practices or paradigms, but rather as "a
characteristic of the discourse that results when we proceed as if we are using the same
vocabulary, and so interpret others by applying linguistic conventions to which they are
not party" (1989, p.132). In any case, the communication breakdowns between
proponents of successive or competing theories must be characterized as communicative
failures. Whereas the 'communicators' involved may come to think of each other as
"living in different worlds, [they may in fact], like those who need Webster's dictionary,
be only words apart" (Davidson, 1984a, p.189).
As any human enterprise, finally, the scientific enterprise is of course also subject to all
sorts of human failings. Apart from the above mentioned communicative failures, one
may also think of errors in calculation and, more seriously, acceptance of doctrines on
inadequate evidence, neglect of ethical issues, fraud, obsession with power, blindly
following authorities, and so on.
5.1.3 Science education
The picture of (the development of) science that has been presented in section 5.1.1 gives
rise to the following picture of science learning: it is a process in which pupils, by
drawing on their existing conceptual resources, experiential base and belief system, come
to add to those (by arriving at new ways of classifying and relating, studying events that
never before they have witnessed or paid attention to, framing new inductive hypotheses,
and so on), in order to further and further characterize and explain more and more aspects
of the natural world. Just as in section 5.1.2 I have briefly indicated that the former
picture is far too crude and simplified, I will in the remainder of this chapter illustrate and
argue, in somewhat more detail, that a process of science learning too, if it is to make
sense to pupils, involves much more than painted in the latter picture.
   Many of the expressions that correspond to the scientific terms that are to be
introduced, for instance, are also used in ordinary language, and very often in a way that
differs from the way they are going to be used in the scientific theory. The introduction of
scientific terms may thus involve changes of meaning with respect to some expressions.
   Moreover, if pupils are to meaningfully engage in an activity there should be a sense in
which they know why they are going to do it. They will have to develop some sense of
purpose for going to study events they have never witnessed or paid attention to; the
inductive hypotheses should become reasonable for them; an intention to improve on
already established generalizations should come forward, etc. Furthermore, if the process
of science learning is to take place at all, in the minimum sense that pupils are prepared
to learn about some scientific topic, they should at least take sufficient interest in it and
be sufficiently motivated to participate in a serious way. In short, pupils' process of
science learning, if it is to make sense to them, not only involves additions to their beliefs
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and conceptual resources, with accompanying changes of meaning, but also, and
irreducibly related to these, evaluative attitudes (desires, aims, interests, etc) and changes
therein, both on a global and local level.
In sections 5.2 and 5.3 I try to illustrate that the two aspects just mentioned, the
introduction of scientific terms as part of pupils' entrance into some scientific theory and
providing pupils with a sense of purpose and direction respectively, are often neglected,
or insufficiently or inadequately taken into account in science education. I also try to
illustrate that science education is not likely to contribute, and may instead even damage,
a process of insightful science learning if the two aspects are neglected or inappropriately
taken into account.
   In section 5.4 I sketch an approach to science education that explicitly takes these
aspects into account, and whose point is, more generally, to make pupils want to add to
their conceptual resources, experiential base and belief system, in a way that leads to
their understanding of science. I do not propose this approach, which I call problem-
posing,2) as a general theory of teaching and learning. I rather propose it as a
programmatic view of the possibilities for improving science educational practice at a
content-specific level, which are to be further explored and empirically realized by
science educational research. The results of this research will then be what in section 5.4
I call didactical structures, roughly: examples of good science education.
5.2 The introduction of scientific terms, as part of pupils' en-
trance into some scientific theory
This section can be read as a continuation of section 2.2 in the sense that it further
elaborates the educational consequences of the, what I consider to be, trivial point that
many expressions that correspond to scientific terms are also used in ordinary language,
and very often in a way that differs from the way they are used in the scientific theory
that pupils are supposed to learn. It is also a continuation in the sense that I will illustrate
these consequences at the (different) ways in which expressions containing the word
'force' are used in mechanics and in pupils' intuitive theory of motion (cf section 2.2.3). I
hope it will become clear that the lessons which can be drawn from this particular case
carry over to other cases as well.
5.2.1 Linking up with pupils' existing knowledge includes linking up with
their existing uses of language
In section 2.2.3 I have summarized an intuitive theory of motion that is formulated in
                                         
2. I have chosen this name for two reasons. First, because it is part of a problem-posing approach to bring
pupils in such a position that they themselves come to pose the main problems they are going to work on.
Secondly, I intend problem-posing to be understood as sort of opposite to problem-solving, which in my
opinion receives much to much attention, both in science education itself and in research on science
education.
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terms of expressions containing the word 'force' and that, thus formulated, pupils hold
true. I have also noted that on the face of it (more precisely, if identity of meaning is
assumed with respect to those expressions), pupils' intuitive theory is in flat contradiction
with Newton' laws. However, by drawing attention to the interdependence of belief and
meaning (cf section 2.2.1), I have observed that the fact that pupils hold true the intuitive
theory as formulated does not yet throw any light on what it is that they believe. The
problem of interpretation is that it still needs to be found out which beliefs are
represented by their holding true the intuitive theory. What I have subsequently done in
order to solve this problem, is to take note of the circumstances under which they hold
true (fragments of) their intuitive theory, and to assign such meanings to their expressions
containing the word 'force' that, thus reformulated, their intuitive theory translates into a
correct pattern of beliefs. In chapter 4, moreover, I have argued that it is simply part of
what it is to have beliefs at all, that correct interpretation necessarily requires us to so
assign meanings to the words of others that by and large their sentences are true
(according to us) under the circumstances that they hold those true. In doing so, I have
also made explicit that pupils' uses of expressions containing the word 'force' cannot be
interpreted in accordance with scientific usage. Their use of the expression 'to exert a
force on,' for example, is such that they use it in sentences of the form 'A exerted a force
on O,' where A is an agent and O an object, and hold those sentences true just in case (1)
there was an action of which A was the agent, and (2) something happened to O, and (3)
A's action caused what happened to O.
Let me now reverse the above line of reasoning to simply point out that it must be part of
their learning mechanics that they learn to use and understand, e.g., the expression 'to
exert a force on' differently from how they use and understand it before education. For if
Newton's laws are understood in accordance with their pre-instructional usage, those laws
are on the face of it in contradiction with the plainly correct beliefs that are represented
by their holding true their intuitive theory.
5.2.2 Without linking up with pupils' existing uses of language it is unlikely
that they arrive at a proper understanding of science
It is a striking feature of common courses in mechanics that they do not take into account
the above simple observation that it must be part of pupils' learning mechanics that they
learn to use and understand, e.g., the expression 'to exert a force on' differently. It is not
only the case that no attempt is made to indicate how this expression is used in mechanics
(and why it is thus used), but it is not even indicated that in mechanics the expression is
(going to be) used differently. What comes closest is that after a presentation of Newton's
first law it is usually remarked that this law seems to be in contradiction with the fact that
in normal circumstances moving objects come to a stop when left on their own, but that
the contradiction is only apparent because closer inspection of the circumstances reveals
the presence of retarding frictional forces.
So it is pretty much up to pupils themselves to figure out, on the basis of how Newton's
laws are applied in various situations by the textbook and the teacher, both how to
describe situations in terms of expressions like 'to exert a force on' and, given an
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appropriate such description of a situation, how to subsequently apply Newton's laws to
it. After some training, pupils usually acquire some ability to perform the latter step. In
particular, given the forces that are exerted in a given situation, pupils are often able
(apart from mathematical difficulties) to apply Newton's second law in order to calculate,
e.g., the braking distance of a car. At the same time, however, many pupils (and even
university students, including myself as it turned out during teacher training) are often not
able to perform the first step: given relatively simple (but non-standard) situations, they
are often unable to describe those correctly (i.e., in accordance with scientific usage) in
terms of expressions like 'to exert a force on' (see, e.g.: Warren, 1971; Viennot, 1979;
Clement, 1982; McCloskey, 1983). They do not describe situations in terms of pairs of
objects that exert mutually opposed forces on each other; in the situation of a car or a
bicycle travelling on a flat road they identify a balance between the 'driving force of the
engine' or the 'force of the cyclist' and the resistance of the air and the road; as they used
to do before instruction, they describe situations in terms of expressions like 'to have a
force' and 'to get a force from,' and so on. In short, also after instruction much of their
talk is to be best understood as in section 2.2.3, i.e., as in line with the intuitive theory of
motion.
I think the above represents the sort of hybrid between the intuitive theory of motion and
Newtonian mechanics that many pupils arrive at after common courses in mechanics, and
I agree with the researchers who have established it that this is an unsatisfactory outcome.
But as already noted in section 2.2.3 I do not agree with the researchers who seek the
source of this outcome in the failure of those common courses to address pupils' intuitive
theory in order to overcome it. It need not be overcome simply because, if appropriately
interpreted, it is correct.
   My own analysis of the source (or at least one of the basic sources) of this outcome is
based on the observation that correctly applying Newton's laws cannot be separated from
a specific way of describing situations (such that they are amenable to Newton's laws).3)
According to me, the failure of common courses in mechanics is that they neglect this
'specific way of describing' part. As a consequence, it is more or less up to the pupils
themselves to fill in this part, and I think it is not surprising that this is to demand too
much of many of them. But then, not being provided with additional conceptual
resources, it is also not surprising that after instruction many of them only use the
conceptual apparatus that they already commanded before instruction in describing (non-
standard) situations.
5.2.3 Incommensurable discourse
                                         
3. Note that this observation corresponds, more generally, to what has been argued in section 4.4.2, namely
that explanations by means of laws are sensitive to how the events, situations or states to which they are
to be applied are described. The reason is that laws deal, not with particular events, situations or states,
but with properties of such. Therefore, events, situations or states only instantiate a law, and hence can
only be explained in the light of a law, in as far as they have the relevant properties (the properties with
which the law in question deals).
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In common courses in mechanics (as in science education more generally), there is an
emphasis on quantitative exercises concerning standard and pre-fabricated situations, and
I have already noted that in this area pupils usually make some progress. This one-sided
emphasis may, on the one hand, further account for the fact that many pupils make little
conceptual progress (cf Warren, 1979) and, on the other, explain why during those
courses themselves this limited progress does not surface very often and only comes
forward by research that explicitly explores conceptual progress.
   The below fragment of a lesson in mechanics, however, does present an example in
which, I think, the above mentioned failure of common courses in mechanics does come
forward. In the lesson preceding the one from which the below fragment is taken, the
pupils watched a specially developed video, which is about the forces that are acting
while riding a bike. The below transcript begins with the teacher, who intends to
summarize and elaborate on the video by means of the well-known air track. His
introductory question, in which he asks for the forces acting on the glider when it rests on
the not yet operating track, is meant to simply remind the pupils of the supposedly well-
known static forces that are acting in that situation. Then the following discussion
occurred, which took about twenty minutes.
1 Teacher:The video has been about forces that act when cycling. Well, here [points
to the glider on the track] I have a kind of bicycle. Let me now
first ask what forces are acting on it. Just try: what forces do you
think are acting at this moment; are there any forces acting?
2 Eric: Gravity.
3 Teacher:Gravity, Eric says. What if gravity were the only force, what would
happen then?
4 Eric: Then it would go down.
5 Teacher:Then it would go down. Ernie, what other forces could be acting?
6 Ernie: Eh ... well ...
7 Teacher:What prevents it from falling down?
8 Ernie: The track.
9 Teacher:Right, the track. So the track has to supply a counterforce to prevent the
glider from falling down. Just for the sake of completeness:
Eric, which direction has gravity?
10 ?: [joking] Upwards.
11 Eric: No, downwards.
12 Teacher:So, Orson, the force of the track is upwards. Right?
13 Jane: How's that?!
14 Orson: Well, otherwise it would fall down.
15 Teacher:Otherwise it would fall down, he says. So: if it did not rest on the track
and I dropped it, then only gravity would act and it would fall
down. If the track wants to stop it, then it will have to push the
glider upwards.
16 Jane: But the track does not push, does it?
17 Teacher:The track does not push.
18 Jane: No...
19 Orson: Well, the track is just there.
20 Jane: ...it's just there.
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21 [Some pupils are mumbling things like: 'Don't make such a fuss. Just accept it.']
22 Teacher:If you drop it, it will fall down, a force will act upon it.
23 Jane: Sure, if the track is not there.
24 Teacher:Okay. If you put it on your fingers... I can't take it off. [The teacher can-
not get the glider off the track, and takes a small weight in-
stead.] It's the same with this thing [the weight], isn't it. If you
drop it, it will fall down. Now I want to stop it [places the
weight on the tips of his fingers]. Since it is such a small weight,
you don't feel much. But if you put a heavy weight on your
fingers, you will feel it.
25 Jane: Okay.
26 Teacher:That is because you will have to exert a counterpr-
essure. So you do have
to...
27 Jane: Sure, if you're doing that yourself.
28 Teacher:If I place a heavy weight here, then my fingers will go down. If I want to
keep it in place, I will have to push it upwards. The track will do
that too, it's just that we don't notice that. We don't notice that
the track does it, the track doesn't move...
29 Carl: Yes, but the track can't push upwards, can it?
30 Teacher:... but the track in fact does it as well.
31 Carl:  Yes, but the track can't do that, can it?
32 Teacher:Oh yes, it can do just that.
33 Carl:  You can push upwards with your fingers, but the track can't.
34 Teacher:Let me take something else, something more flexible than metal. [fetches
a piece of foam rubber and puts it in front of him] Here goes. So
I will now try to convince you that the track really exerts an
upward force. That is, I did agree with Orson, Jane did not, let's
see whether we can come to an agreement. [puts the small
weight on the foam rubber, which gets pushed in a bit] If I put
this thing here, the foam rubber gets pushed in, doesn't it? Well,
actually I need something a bit heavier...
35 Jane: Oh, well I do believe you as it is.
36 Teacher:Do you? So you do actually believe that. [laughter] So: the foam rubber
will get pushed in, if you put something heavy on it. And if we
don't put something heavy on it, but push it in and let go [does
so with a finger], what will happen then?
37 Jane: Then it will come up again.
38 Teacher:Then it will come up again. Why's that?
39 Jane: Well, because there's nothing on it.
40 Teacher:Sure, but what does it do then, when it comes up? Then it pushes upward,
doesn't it?
41 Jane: What?
42 Teacher:[somewhat more pressing] Then it pushes upward, doesn't it?
43 Jane: No, then it just gets back to its original state.
44 [Some pupils seem to suggest that Jane is just being stubborn.]
45 Jane: No, I don't think that has got anything to do with it.
46 Teacher:Don't you? I push the foam rubber in, put something on it, and the foam
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rubber pushes it upwards. Then that is an upward force.
47 Jane: Well, I think that's really very strange.
48 Teacher:Do you?
49 Jane: Yes. That is not ... well ... no, that is not a force. I don't think it
really is a force.
50 Teacher:If you want to push something up, then for that purpose you will have to
exert a force. And now: [pushes the weight into the foam rubber
and then lets the foam rubber spring back] it is pushed in and it
pushes the weight back up.
51 Jane: Okay.
52 Teacher:But you don't think that's a force.
53 Jane: Right.
54 Teacher:You don't think that's a force. For it is the same, isn't it? And do you con-
sider this to be a force, when it falls down?
55 Jane: Sure, that's gravity.
56 Teacher:So: the downward motion is due to a force, but if it moves up [lets the
weight again move up from the foam rubber] then that is not due
to a force?
57 Jane: Right.
58 [Laughter from the class. The teacher remains serious.]
59 Teacher:What if I now ... I throw it upwards, like this.
60 [Jane also begins to laugh about the awkwardness of the whole situation.]
61 Teacher:Is that a force or not?
62 Jane: [laughing] It is, of your hand it is.
63 Teacher:Of my hand it is. And now I let the foam rubber do it [again does so] and
then it is no longer a force.
64 Jane: [still a bit laughing] Right.
65 Teacher:What, then, is the difference?
66 Jane: [serious again] Well, that motion just goes all by itself. That's
just the way things go. [laughter] Well, I really do think that's
strange.
67 Teacher:So because it goes all by itself, that is why according to you it is no force.
If it now of itself gives a slap, then that will be a force.
68 Jane: Yes.
69 Teacher:I see. Well, so it seems that we haven't been making much progress. I do
think there will be a force if you push it in, and Jane still doesn't
think that that is a force. I'll leave it at that for a while. For the
time being, everybody may think about it as he wishes. I would
like to know, however, what the others do think about it.
70 [Of the others, most indicate that they agree with the teacher, while no one
indicates to agree with Jane. Some pupils, among which Orson and Carl, are in
doubt.]
71 Teacher:Alright. Let's leave it at that for now. Perhaps I will be able to convince
you at a later time. According to me, the difference between the
foam rubber and the metal is that it can't be noticed that well
that the metal is springy. But also the metal has got some spring
that allows it to push back. So the metal is harder and -but now I
speak for myself- it gets pushed in, but it does spring back and
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thus exerts a counterforce. Okay. It is sort of funny, though, that
we still don't agree.
Let me give an analysis of this transcript. A first thing to note is that the teacher analyzes
his discourse with Jane as their having a difference of opinion about whether "the track
really exerts an upward force" (34, 69). Accordingly, he sees it as his aim to convince
Jane that his opinion is the correct one (34, 71). He does so, not by arguing in terms of
Newton's laws as he probably quite rightly assumes this to be inappropriate at this stage,
but by more or less ostensively and comparatively pointing at ever more clearly visible
cases of 'acting forces.' In the end, the teacher considers his attempt a failure: "I do think
there will be a force if you push it in, and Jane still doesn't think that that is a force" (69).
Given that this is how he evaluates the situation and that he probably cannot think of any
other way to convince Jane, it is a fair thing of him to explicitly state that, for the time
being, he will let the matter rest (69). He even emphasizes: "It is sort of funny, though,
that we still don't agree" (71).
   But is the teacher right in analyzing his discourse with Jane as their having a difference
of opinion? I do not think so. Of course Jane agrees that the glider's being supported by
the track is similar to the weight's being supported by the teacher's fingertips in the sense
that in both cases an object's falling down is prevented. Of course Jane agrees that
throwing a weight upwards and letting the foam rubber do it are similar in the sense that
in both cases the weight is made to move upwards. And of course the teacher agrees that
the piece of foam rubber and the metal track cannot of themselves push something up-
wards or give a slap in the way that we can (16, 29, 33, 67-68), and that the foam rubber
springs back without us having to do anything, that it goes all by itself (66). And without
doubt Jane could also come to agree with the teacher (perhaps along the lines suggested
by Minstrell, 1982) that the metal track is like the piece of foam rubber in the sense that it
is sort of springy too, but unlike metal in the sense that metal is harder and that its
springiness cannot be observed that well (28, 71).
   So the teacher and Jane actually agree on all the similarities and dissimilarities between
the various situations. Moreover, towards the end of their discourse the teacher is sort of
able to predict when Jane will say that a force is exerted and when not (56, 63, 67).
Nevertheless, they have an ongoing and unresolved quarrel. If they were asked the
question 'Does the track exert an upward force?,' or 'Does the foam rubber exert an
upward force?,' the teacher would answer 'Yes' and Jane would answer 'No' (34, 71).
According to me their discourse runs aground in this yes-no stalemate, not because they
really have a difference of opinion, but simply because they do not in fact answer the
same question -more particularly, because they do not assign the same meaning to the
expression 'to exert a force on.' In other words, their discourse is incommensurable (cf
section 5.1.2). The teacher uses the expression in accordance with scientific usage. Jane,
on the other hand, uses it more or less as indicated in section 2.2.3. More precisely, I
think her use of the expression is to be interpreted as follows. She uses it in sentences of
the form 'A exerted a force on O,' where A is an agent and O an object; she holds those
sentences true in case there was an action of which A was the agent, and something
happened to O, and A's action caused what happened to O, or in case A supports O
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(prevents that it falls down). Again, I think this interpretation is correct simply because,
thus interpreted, whenever she answers 'Yes' (or 'No') to the question 'Does this exert a
force on that?' she is, according to me, right in doing so. I agree with her, for instance,
that when the glider rests on the track, an utterance of her sentence 'The track exerts a
force on the glider' is not true, simply because the track is not an agent. It could not, of
itself, cause something to happen to the glider, e.g.: throw it upwards. Moreover, by
asserting her sentence 'The foam rubber does not exert a force on the weight,' she is not
denying that the weight moves upwards nor that the foam rubber has been involved in the
weight's upward motion, but only, and rightly so, that the foam rubber, of itself, has
caused the weight's upward motion. It is rather the teacher who, by pushing the weight
deeply into the foam rubber and then letting the foam rubber get back to its original state
(43), in effect has caused the weight's upward motion. So I conjecture that Jane would
have answered 'Yes' if concerning this situation she was asked 'Does the teacher exert a
force on the weight?' In terms of the intuitive theory of motion it might be said that the
teacher hands over his force to the weight via the foam rubber.4)
On my analysis, the conflict that the teacher and Jane themselves think they are having
(34, 69) is just an apparent one, and their discourse a communicative failure. The source
of the miscommunication relates, I think, to the fact that common courses in mechanics
simply neglect the 'specific way of describing' part: Jane has not picked up that in mech-
anics the expression 'to exert a force on' is used in a way that differs from ordinary usage;
the teacher does not even seem to consider the possibility that Jane might use the express-
ion in a way that differs from scientific usage. So if the failure of common courses of
mechanics surfaces in those courses themselves, it is likely to manifest itself in the form
of incommensurable discourse. The result then is that teacher and pupils will feel a gap
between them or, as ten Voorde (1990) calls it, a gulf of ununderstandableness, without
being able to bridge it. In the above example the teacher may have felt the gulf as his
being unable (despite all his efforts) to convince Jane. Jane may have felt it by the
teacher's tireless attempts to convince her of something she just cannot believe: "I really
                                         
4. I refer to Klaassen & Lijnse (in press) for a more elaborate comparison between my interpretation and
one that others might give. I suppose, for instance, that Clement would attribute to Jane the, as he calls
it, 'deep seated' alternative conception of 'static objects as barriers that cannot exert forces' (1993). If
this supposition was correct, Clement would not sufficiently disentangle the notions of belief and
meaning. That is, whereas he would, I guess, admit that pupils do not use and understand expressions
containing the word 'force' as a scientist does, in his formulation of what Jane believes he nevertheless
would use such expressions: Jane believes that static objects are barriers that cannot exert forces. He
could thus in some sense be said to be aware of the problem of interpretation, i.e., that an identification
of what Jane believes cannot be separated from an identification of the meanings she assigns to the
expressions she uses to state her beliefs, but he could not be said to have solved it. For the statement
'Jane believes that static objects are barriers that cannot exert forces' is not informative as long as it is
not specified what Jane means by her expression 'to exert a force on.'
Furthermore, whereas Clement would aim to make Jane "overcome the dominance of an alternative
conception" (ibid), on my interpretation there is no need to aim at that simply because Jane's beliefs are
quite alright. I do see a need, however, to make explicit and plausible a new way of using the expression
'to exert a force on.'
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do think that's strange" (47; 66).
5.2.4 Creating appropriate places in pupils' existing conceptual apparatus
If Jane and her teacher had realized that their discourse was incommensurable, they
would also have been able to find a way out of it: "what the participants in a
communication breakdown can do is recognize each other as members of different
language-communities and then become translators" (Kuhn, 1970a, p.202), instead of
remaining vain convincers. The teacher might e.g. have proposed something like this: to
use the expression 'to exert a force on' in sentences of the form 'O1 exerts a force on O2,'
where O1 and O2 are objects and, in particular, O1 need not necessarily be an agent; to
assent to a sentence of that form just in case something happens to O2 (or, is prevented to
happen) that would not have happened (or, would have happened) if O1 had not been
there. All parties would then have assented to 'The track exerts a force on the glider,' if
only because, if the track had not been there, the glider would have fallen down. All
parties might eventually also have assented to 'The glider exerts a force on the track,'
after it had been established that the track does get a bit deformed when the glider is
placed on it. Along the same lines it might be established that then also the glider gets a
bit deformed, perhaps via appropriate intermediate situations, e.g.: if one pushes down a
spring with one's hand, the hand is pushed in a bit as well. The above proposal might
accordingly be modified by deleting the parts between parentheses. All parties would
then still assent to 'The track exerts a force on the glider.' Moreover, from the way this
modification has come forward, they might even begin to wonder whether there are in
fact situations in which they would assent to 'O1 exerts a force on O2' but dissent from 'O2
exerts a force on O1.'
Let me try to draw some lessons. Note, first of all, that I have only brought forward the
above proposals in order to illustrate that Jane and her teacher might have got out of their
incommensurable discourse. I have not meant to suggest that the proposals are useful
intermediate steps if one aims to devise a course in mechanics in which pupils do arrive
at a proper understanding. What I do want to suggest, however, is that in such a course it
will at least be necessary, in order to prevent incommensurable discourse, to make
explicit
 agreements concerning the way that, e.g., the expression 'to exert a force on' is
going to be used. What I would also like to suggest is that this will be necessary but not
yet sufficient. For suppose that the last proposal above is indeed useful in the light of a
further development towards Newtonian mechanics, and that it is indeed explicitly
brought forward that the expression 'to exert a force on' is going to be used thus. What is
still lacking then, is that pupils need not yet appreciate why they should thus use the
expression, i.e., what the point is of having available a relation that holds between two
objects whenever something happens to the one object that would not have happened if
the other had not been there.
   In my opinion this poses an important educational task, and not just in the case of
mechanics. It concerns, more generally, the introduction of scientific terms in a for pupils
meaningful way, as part of their entrance into some scientific theory, namely: to induce
in pupils a need or, at least, good reasons for having available the terms that one intends
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to introduce. This need or these good reasons are to create, so to say, a place in pupils'
conceptual apparatus for the term to be introduced to occupy.5) I also think that in general
this task is non-trivial, because generally pupils' reasons, or need, for having available a
particular term cannot, at the stage that it is to be introduced, coincide with what may be
called the teacher's or curriculum deviser's reason to introduce it, namely that having
available such a term is useful in the light of a further development towards a scientific
theory. For the case of mechanics, I have not yet given this important task enough
thought and therefore I now refrain from making any suggestions. I refer to chapters 6, 8
and 11 for some suggestions concerning cases that I have given some thought.
5.3 Providing pupils with a sense of purpose and direction
This section concerns the evaluative attitudes that, as I have already indicated in section
5.1.3, ought to be explicitly taken into account in science education (along with the
cognitive attitudes, of course). The evaluative attitudes that I have in mind here not so
much concern pupils' perception of the affective climate of the learning environment (cf
Créton & Wubbels, 1984; Wubbels & Levy, 1993b; see also section 10.2), but rather
pupils' perception of their learning process with respect to content. This is not to say, of
course, that I consider the former unimportant or independent of the latter, but simply that
my focus of attention is on the latter, if only because I think that the latter receive far too
little attention in (research on) science education.
   As a consequence I do not focus on interpersonal teacher behaviour that is appropriate
in order to create and maintain a classroom atmosphere that pupils appreciate as positive,
but on content-oriented ways of planning and guiding that are appropriate in order to
create and maintain a learning process that pupils appreciate as an internally coherent one
with a certain direction, and in whose development with respect to content they take an
active interest. Or rather, in this section I focus on ways of planning and guiding that are
not particularly appropriate in this respect. It is perhaps good to note at the outset that by
criticizing these ways of planning and guiding I do not intend to offend anyone, but to
make a plea for explicitly taking into account the content-directed evaluative attitudes in
planning and guiding science education, and to show that appropriately doing so poses a
non-trivial educational task.
5.3.1 Traditional science education
With varying degrees of emphasis, I think the traditional setting in which much science
education tak s place is as follows. There is a textbook whose main line is a story in
which the authors present, explain and illustrate the theory. The pupils are to read (study)
this story, often as homework, and during lessons the teacher tells the story in his or her
own words and answers pupils' questions about it. In the textbook the story is regularly
interrupted by suggestions for experiments, which usually are to further illustrate the
                                         
5. Note that this task is also relevant if the introduction of the scientific term does not involve a change of
meaning, i.e., if there is no ordinary use of the expression corresponding to the term.
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theory, and by exercises with various degrees of difficulty, by means of which pupils are
to digest the theory. The experiments are carried out by the teacher or, if they are not too
difficult and time-consuming, by the pupils (often in small groups). The teacher selects
the exercises that the pupils are to make, usually as homework. Later on (e.g., in the next
lesson), the teacher makes clear what the right answers to the exercises are, e.g., by
showing (or letting pupils show) how to arrive at those answers, or by pointing out what
pupils who have arrived at the wrong answer have done wrong (or by letting other pupils
point that out). At regular times, finally, there are tests, in which pupils are to solve some
problems that  (mostly) do not deviate much from the earlier exercises.
   Below I somewhat further elaborate this traditional setting, in order to indicate that it
does not seem very suited to actively involve pupils in the development of their learning
process with respect to content.
Following a rational reconstruction
The pupils are hardly challenged to play an active role in the establishment of the theory.
They rather are expected to (be able to) follow the story in which the authors present,
explain and illustrate the theory, by reading the textbook and listening to the teacher. The
story itself, moreover, is often of a kind that does not really stimulate pupils to take an
active interest in following it. For it is often cast in the form of, what may be called, a
rational reconstruction. That is, the content is sequenced in a way in which someone who
has already mastered the knowledge may, in hindsight, conveniently reconstruct or
summarize it, or build it up from first principles. In chapter 3 I have, in this respect,
pointed at the common practice of basing a treatment of the topic of radioactivity upon
micro-level explanations. One may also think of the common practice to almost
immediately present Newton's laws in introductory courses in mechanics, to quite early
introduce molecules in chemistry courses, and so on. The story is thus not really written
from where pupils are, but rather from where they should end. Moreover, for someone
who has not already mastered the knowledge, the point of earlier parts of the story can, at
best, only come forward in hindsight, in later parts of the story (or by making the
exercises).
Explaining from above
I think it is also quite common in a traditional setting that in their explanations teachers
do not really involve pupils. For although teachers usually do their utmost to make
themselves understood, they often do not involve pupils in the process of making
themselves understood or in finding out whether they have made themselves understood
as intended (and thus fail to do what, as argued in chapter 4, is an essential ingredient of
mutual understanding). Of course, teachers do ask questions in order to check whether
they have been understood, but then this check usually consists in checking whether a
pupil gives the correct answer, i.e., the answer they themselves would give. If not,
teachers often do not try to understand the pupil's answer (e.g., what exactly it is that the
pupil answers, and why) but make sure that the correct answer comes forward, perhaps by
asking another pupil and still another until eventually the correct answer is given, or else
by giving the correct answer themselves. And if a pupil asks a question, teachers often do
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not make a real effort to understand that question (what exactly it is that the pupil asks,
and why), but simply give the correct answer to the question as they understand it. The
below fragment is an example of the latter. It is taken from a lesson in a middle ability
class that used the unit Radiation, you cannot avoid it... (cf. chapter 3). The lesson was
about chapter 4 of that unit (cf. figure 3.1). Earlier in the lesson the teacher had shown a
Geiger counter to the pupils and had held it close to a jar containing some radioactive
stones.
1 Sandy: But Sir, I've seen a film [probably Silkwood] and that was in a
nuclear power station...
2 Teacher:Yes.
3 Sandy: ...and somebody there was contaminated. Then they are cleaned
with a steel brush. But it will have gone inside, won't it?
4 Teacher:Yes, but were they ...? Then some radioactive substance had come on
them.
5 Sandy: And then you heard a bell ring when you passed underneath.
6 Teacher:Right.
7 Sandy: They wore a suit and things like that...
8 Teacher:Yes.
9 Sandy: ...but it will have gone through, won't it? And still they are...
10 Hank: Well, you had to hold your hands in this way on that thing.
11 Sandy: Yes.
12 Teacher:Well, perhaps it will be on the suit, won't it.
13 Sandy: Yes, but you had to hold your hands before it, didn't you.
14 Hank: When you've got too much of it on your hands, it will ring
15 Sandy: So that's what they had ... when you've got that, it will ring very
loudly.
16 Teacher:Yes. Well, you could ... Look, suppose an accident happens in that power
station, Sandy. Or you do something wrong, take hold of
radioactive substances or something. Of course you can take
hold of a stone like that [points to the radioactive stones in the
jar] and then there will always come some small bits on your
skin and on your clothes ... always. And when you then walk
underneath or past a Geiger counter, you will hear it tick. Well,
that's roughly how the system works.
17 Sandy: Never mind.
18 Teacher:[somewhat surprised] Yes. Well, that is indeed ... that is a safety measure.
Note, first of all, that by building on the information that the pupils provide (some people
were contaminated, 3; a bell rang when they passed underneath, 5, or held their hands
before it, 13-15), the teacher gives a correct explanation of the situation: some radioactive
substance had come on them (4) or on their suits (12); perhaps because they had
accidentally taken hold of some radioactive material, just like if we took hold of one of
those radioactive stones, some small bits would come on our skin or clothes (16); what
they passed underneath or held their hands before, was a Geiger counter (16); the Geiger
counter would tick if we, with small bits of one of the radioactive stones on our skin or
clothes, walked past it (16). Thereby the teacher has also answered what he takes to be
Sandy's question: what the point is of brushing contaminated people.
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   Nevertheless, Sandy does not accept the teacher's explanation and, in the end,
withdraws: Never mind (17). The reason is, I think, that in her opinion the teacher has not
answered her question. For her question is what the point of brushing is when it has
already gone inside (3, 9). 'It' here probably refers to what in section 2.5 I have called
radiation*: the highly penetrative instrument that, as long as it is inside an object, causes
damage to that object. So by talking about radioactive stones and Geiger counters (16),
she may have felt that the teacher is simply parrying her question. We know, of course,
why the teacher is talking about radioactive substances and Geiger counters. For the
teacher and we know that a Geiger counter does not tick near a person that has been close
to, but has not touched, a radioactive object: one does not get contaminated by
irradiation. Sandy probably does not know this, and most likely uses the expression 'is
contaminated' as indicated in section 2.5: as applying to objects that have received
radiation* (and therefore may do damage to their surroundings). So when she now hears
that the apparatus underneath which the nuclear workers had to walk or before which they
had to hold their hands is a Geiger counter, just like the one she has seen earlier in the
lesson, for her (unlike for the teacher and us) this does not imply that the nuclear workers
who caused the bell to ring must have carried radioactive material on them. After the
teacher's explanation, therefore, her question still stands.
   As in the fragment discussed in section 5.2.3, we may say that here too there is a gulf of
ununderstandableness. Sandy's withdrawal may show that she has felt the gulf. The
teacher's surprise after Sandy's withdrawal may show that he has felt it too: he may feel
he has given a clear explanation (as indeed he has for those who know enough), and still
Sandy does not seem to understand.
I think that the phenomenon of explaining from above, i.e., of giving explanations that
are clear for those who already know enough, is quite common in traditional settings, but
that its consequences do not often come forward as clearly and immediately as in the
above fragment (namely in the form of an explicit withdrawal). I think that implicit
withdrawals are its more common consequences, e.g.: not paying attention to the
explanations; stop asking oneself and the teacher questions; simply taking the
explanations for granted; only trying to meet the teacher's standards and to say what the
teacher wants to hear.
   I also think that the tendency to give an explanation from above, in the expectation that
pupils will be able to follow it, is related to the earlier mentioned tendency to so sequence
the content in textbooks that someone who already knows enough understands it, in the
expectation that thus presented pupils will at least be able to follow it.6) Both tendencies,
however, at least do not really stimulate pupils to take an active interest in following,
simply because no real effort is made to make pupils see the point of following (or to
check whether pupils already know enough in order to be able to follow).
                                         
6. Towards the end of section 5.2.3 I have pointed at a similar relation. The fact that in the fragment
discussed there the teacher did not even seem to consider the possibility that pupils might not quite use
their words as he does, is in my opinion related to the failure of common science courses to pay any
special attention to the introduction of scientific terms, as part of pupils' entrance into some scientific
theory (in the case discussed there: Newtonian mechanics).
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Cookbook experiments
I think that also the experimental work in traditional settings does not really involve them
in the development of their learning process with respect to content. For the experiments
that are performed by the teacher are usually part of an explanation from above, in which
the teacher explains the experimental setting, indicates what to observe, draws the
conclusions, etc, while the pupils sit and watch. The situation is not essentially different,
moreover, concerning the experiments that the pupils themselves perform. For usually,
and up to university levels (see, e.g., van Keulen, 1995), these experiments are of a
cookbook nature: it is prescribed, step by step, what to do, and not infrequently also what
to perceive and conclude.
   Thus, pupils not only do not really learn to experiment (to plan, devise, control, etc),
but also do not really come to appreciate the point of experimentation in science. It may
even be said that in traditional settings experimentation does not play a functional role in
pupils' conceptual development. Although experimentation may, e.g., serve to bring some
variation in lessons or to increase pupils' ability to handle equipment, as far as following
the story of the authors is concerned, I think it does not really matter whether the experi-
ments are actually performed (by teacher or pupils) or just verbally explained by the
teacher and read by the pupils.
Emphasis on (the right answers to) exercises
I think it is a familiar fact that in traditional settings there is an emphasis on exercises. It
is also in these exercises that, in a sense, the pupils take an active interest. It is not so
much that the exercises contribute to pupils' taking an active interest in the development
of their learning process with respect to content: the problems that are posed in the
exercises commonly are not pupils' problems; they are usually simply presented to pupils,
without any attempt to give those a point for pupils; instead the problems are most often
pre-fabricated from above such that the theory can be applied in a standard way; the
answers to the exercises are usually explained from above, in order to clearly bring
forward the standard ways of applying the theory, etc. I think the pupils rather take an
active interest in the exercises because those are related to the tests. It is in their best
interest, so to say, to try to meet the teacher's standards by training themselves to solve
problems like the teacher has solved similar ones. For if, with the help of the teacher,
they manage to find out how to solve the standard problems, that will increase their
chances at getting sufficient results at tests. In the worst case, the whole point of their
learning process for pupils reduces to getting the right answers, in one way or another, to
the exercises.
   I think that this emphasis on exercises (at least partly) accounts for the familiar finding
of science education research that, on the one hand, pupils generally make some progress
in solving standard problems but, on the other, little conceptual progress (see section
5.2.2 for an example). In particular, as remarked in section 5.2.3, the emphasis may both
account for and mask their limited conceptual progress. In the worst case, the result may
be, e.g., applying formulas without insight, memorizing tricks to solve standard problems,
verbalism, or compartmentalization. As Poincaré has put it for the case of mechanics:
"There is one thing that strikes me, and that is, how far young people who have received
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a secondary education are from applying the mechanical laws they have been taught to
the real world. It is not only that they are incapable of doing so, but they do not even
think of it. For them the world of science and that of reality are shut off in water-tight
compartments" (1952, pp.137-8).
5.3.2 Approaches that centre around 'overcoming alternative beliefs'
In recent years some approaches to planning and guiding science education have been
proposed, usually under the banner 'constructivism,' that, as far as I understand them,
capitalize on the idea that what pupils already know is often in contradiction to the
scientific knowledge that they are to learn. One may think here of the status-changing-
model proposed by Posner et al (1982), of conflict strategies (e.g., Nussbaum & Novick,
1982) and bridging strategies (e.g., Clement, 1993), of the constructivist teaching scheme
proposed by Driver & Oldham (1986), and so on. The emphasis in all of those is, in one
way or another, on the alternative beliefs that pupils are to overcome in their process of
learning science. I will not comment in any detail on those approaches, most of which are
of a rather general nature, but just make some general comments on them and then
discuss in somewhat more detail a concrete constructivist teaching sequence.
Let me begin with the general comments. The first one is that in all of the above
approaches pupils are given the opportunity to take a much more active role than in a
traditional setting. They are, e.g., challenged to engage in activities such as group dis-
cussion, designing posters and predicting the outcome of experiments. It turns out that
pupils are not only willing and able to take a more active role, but also enjoy that. All this
is very positive, of course, because it will increase their involvement in the process. So
concerning this aspect of encouraging pupil contributions I am with those approaches.
   My second comment is that concerning the other general aspect that those approaches
have in common, namely their emphasis on the alternative beliefs that pupils are to
overcome, I am not with them. In section 2.2.3 I have tried to illustrate at a few concrete
cases that pupils' existing ideas are quite alright and not, as held by proponents of the
above approaches, alternative or in contradiction with scientific knowledge. In chapter 4,
moreover, it has been argued at some length that correct interpretation forestalls the
possibility of finding that a great deal of the beliefs of others are incorrect. So, according
to me, much of the point of the above approaches falls away. Although, as remarked in
section 2.2.3, I do not mean to imply that pupils will never have to subtract anything from
what they believe, it makes no sense to centre an educational approach around pupils'
supposedly alternative beliefs. As suggested in section 2.2.3, we should rather search for
an approach whose emphasis is on making pupils want to add (substantially) to what they
already believe in a way that leads them to a proper understanding of scientific
knowledge.
Let me now discuss a paradigmatic example of a concrete teaching sequence that centres
around pupils' supposedly alternative beliefs, namely the CLISP-approach to teaching the
particulate theory of matter (1987). I will argue that this approach, precisely because of
its emphasis on the supposedly alternative beliefs that pupils are to reject in favour of
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appropriate scientific ones, fails to involve pupils in a learning process that might
eventually lead to a proper understanding of scientific particle models.7) As a side-line I
also indicate what, according to me, the educational task of making pupils see the point
and direction of such a process consists in. In doing so it will also come forward that this
is a non-trivial task.
   Let me first briefly describe how the devisers of the CLISP-approach themselves
account for it (see, e.g., Driver, 1988; Johnston, 1990; Scott, 1992). The approach begins
with asking pupils for their own ideas about a number of simple phenomena relating to
the behaviour of matter (e.g., how smell reaches you). By means of a number of theory
making games that are set in non-scientific contexts (e.g., solving a murder mystery),
pupils are then encouraged to reflect on their understanding of theories and how those are
developed. Next pupils are asked to put forward their own ideas about the properties of
solids, liquids and gases and are stimulated to reach a consensus on a pattern of prop-
erties. Subsequently pupils are to generate a theory as to what solids, liquids and gases
are like inside, while they are reminded of the general nature of theory making and
encouraged to base their theory making in the case at hand upon the pattern of properties
of solids, liquids and gases. Although up to this point pupils are left completely free in
what they bring forward, it turns out, as was expected and/or intended by the devisers,
that in a wide range of classes pupils reach consensus on a similar sort of pattern of
properties (e.g., solids have a definite and fixed shape, liquids take the shape of the
container, gases have no shape but rather completely fill the container), that they generate
particle models in order to account for the behaviour of solids, liquids and gases as
described by the pattern (e.g., a solid cannot be compressed because its particles are so
close together that they cannot be pushed any closer), that some of their particle ideas are
alternative (e.g., they attribute macroscopic properties such as expanding to particles or
hold that there is air between particles), and that some ideas of the school science view
are lacking in their particle models (e.g., particles have intrinsic motion). The heart of the
CLISP-approach then consists in making pupils remove their alternative ideas and adopt
the appropriate scientific ones (e.g., by thought experiments to encourage them to
consider the possibility that there might be nothing between particles, by diffusion
demonstrations to make them recognize that particles have intrinsic motion, or by direct
explanations of what scientists think).
A first thing to note about this account is that particle ideas or particle models are
attributed to pupils because they use words like 'atom,' molecule,' or 'particle,' and/or
draw discrete entities in their pictures of what something is like inside. Furthermore,
some of their particle ideas are counted as alternative because they attribute macroscopic
properties such as melting or expanding to particles.
   Now, one is of course free to call what pupils bring forward 'particle ideas' or 'particle
models,' but I think one should then also clearly bear in mind that their ideas are not
about the particles that figure in scientific particle models and that their models are of a
different nature than scientific particle models. For, as already explained in section 2.2.3,
                                         
7. Similar arguments can be given concerning other concrete teaching sequences with the same emphasis.
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if one clearly separates the notions of belief and meaning, it is clear that from the way
pupils use words like 'particle of ...' or 'atom of ...,' one cannot do better, in order to make
them make sense, than interpret those as 'tiny bit of ....' So the statement that pupils come
up with ideas about particles/atoms, some of which are alternative, then simply amounts
to the statement that pupils believe that a substance can be divided in little bits that, apart
from their size, are just like larger amounts of the substance (have the same macroscopic
properties, are subject to the same macroscopic regularities, and so on). Their particles
simply are small-scale macroscopic objects, and their particle models simply are
macroscopic accounts.
   However, because of its emphasis on the supposedly alternative particle ideas that
pupils are to reject in favour of appropriate scientific ones, the CLISP-approach in effect
does
 equate pupils' particles to the particles that figure in scientific particle models, and
does
 treat their particle models as on a par with scientific particle models. Or, to put it
from the pupils' point of view: in the CLISP-approach they are to replace some of their
existing ideas about their particles by other ideas about their particles, which are then
called 'scientific.'
   So in my opinion the CLISP-approach misfires. If appropriately interpreted, there are
no alternative beliefs to overcome (e.g., there is no need to make pupils abandon the idea
that their particles expand when heated) and to be replaced by 'scientific' ones (e.g., there
is no need to make pupils learn that their particles have intrinsic motion or that there is
nothing between their particles). Moreover, by unjustly equating pupils' particles to the
particles that figure in scientific particle models and by treating their particle models as
on a par with scientific particle models, the CLISP-approach also cannot lead to a proper
understanding of scientific particle models. At best, pupils will arrive at a hybrid between
their particle models and scientific particle models. So it comes as no surprise to me that
between two parallel groups, of which one used the CLISP-approach and the other the
school's traditional approach, "there was little difference ... overall in the conceptual
change produced" (Driver, 1988).
Let me now close this section with an indication of what the educational task of making
pupils see the point and direction of a process that eventually does lead to a proper
understanding of scientific particle models might consist in. I think for instance, that it
should not only become clear to pupils that devising a scientific particle model is a form
of theory making that, just like e.g. solving a murder mystery, involves framing tentative
hypotheses on the basis of available clues etc, but foremost also that it is the making of a
theory of a special kind and that making it of this special kind imposes constraints on the
framing of hypotheses.
What is special about a scientific particle model, or at least a classical one, is that it aims
to explain, under the assumption that an object is a certain collection of particles with
specified masses, all macroscopic changes of that object solely in terms of changes of
position and velocity of those particles due to their mutual interactions. The explanation,
moreover, is also of a special kind and involves the use of hypotheses of two kinds:
hypotheses that allow one to derive, given the positions and velocities of the particles at
some time, their positions and velocities at a later time (e.g., hypotheses concerning the
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way the particles collide, or concerning the interactions between the particles); hypoth-
eses that link the state of the collection of particles to macroscopic properties of the
object (e.g., the mean kinetic energy of the particles in the collection is the temperature
of the object). This crudely indicates the general form of any scientific particle model.8)
   The above can also be said to indicate the general framework within which further
specific hypotheses are to be made in order to arrive at some specific scientific particle
model. I therefore think that the above mentioned educational task, of making pupils see
the point and direction of a process that eventually does lead to a proper understanding of
scientific particle models, consists in making pupils arrive at a sufficient insight in why
the general framework is as it is. For once they have this insight, what they are going to
do next, namely devise and modify specific scientific particle models, can be given a
point that they understand, while they are then also provided with a sense of control over
what comes next in that they themselves can judge whether the further specific
hypotheses that are made satisfy the constraints the framework imposes. The framework
will then function, so to say, as a stable background that enables pupils to perceive the
further process as an internally coherent one with a certain direction: the specific models
may change in order to explain better or more, but the general framework remains the
same.
Meeting the educational task, i.e., making pupils arrive at a sufficient insight in why the
general framework is as it is, is of course far from simple. Among other things, the
following should become clear to pupils. Why one would want to improve on
macroscopic explanations of macroscopic phenomena in the first place. Why, if there is a
need for improvement, it is plausible, in order to attain the desired improvement, to
assume that an object is a collection of particles. In what sense these particles differ from
                                         
8. Note, first of all, that the particles that figure in any such model are not pupils' particles. Within any
such model it simply is not allowed to use in an explanation, e.g., the hypothesis that particles expand:
everything has to be explained solely in terms of changes of position and velocity of the particles due to
their interactions. Furthermore, the only property that is attributed to the particles in any such model is
that they have a fixed mass. This is not to say that, e.g. when picturing the particles, one is not allowed to
attribute colour and shape to them or even to draw something other than particles between them, as long
as in explanations one makes no use of the colour and shape thus attributed to them or of the something
that is imagined between them.
Note, further, that the above scheme not only indicates the general form of classical particle models but
also applies, with appropriate modifications, to the formalism of quantum field theory. One modification
in that case concerns the properties that are attributed to the particles. Apart from their mass, also their
charge, spin, charm, strangeness, etc are specified. Another modification concerns the hypotheses of the
first kind: in quantum field theory the interaction between the various kinds of particles are specified in
the form of a particular Lagrangian density, by means of which it is possible to calculate, by specified
procedures, the transition probability from an initial many particle state to some final many particle
state. The initial many particle state specifies how many particles of this kind with this momentum, this
component of the spin along a specified direction, etc, how many of that kind with that ... etc, are present
before the interaction takes place; the final many particle state how many particles of this kind with this
... etc, are present after the interaction has taken place. One of the differences with a classical model is
that there may be a non-vanishing transition probability to a final many particle state in which a differ-
ent number of particles (of some kind) is present than in the given initial many particle state.
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small-scale macroscopic objects. Why one wants to give explanations solely in terms of
changes of position and velocity of the particles, and why it is plausible to expect that all
(or at least a great number of) macroscopic changes can be explained in these terms.
Why, in order to give such an explanation, one needs the two kinds of hypotheses
mentioned above, and what the explanation then consists in. How further specific hypoth-
eses can be arrived at. In what sense some specific particle model can be called better
than another one.
   I hope this suffices to not only make clear that the real educational task is non-trivial,
but also that the CLISP-approach does not meet it at all and, in fact, draws one's attention
away from it. What I would like to retain from the CLISP-approach is to give pupils an
active role in the process. They enjoy that and will thus be more involved in the process.
But whereas in the CLISP-approach their involvement consists in their bringing forward
ideas about their particles, I would like it to consist in their seeing the point and direction
of, and their having control over, constructions and reconstructions of specific scientific
particle models.
5.4 Didactical structures
5.4.1 A problem-posing approach: making pupils want to add to their
conceptual resources, experiential base and belief system
As will have become clear from the preceding sections, I think that the main possibilities
for improving science educational practice at a content-specific level are to be sought in
appropriately taking into account the content-directed evaluative attitudes (and not, for
instance, in taking into account supposedly alternative beliefs). That is, as far as the
cognitive attitudes are concerned it has been argued that pupils' science learning should
be thought of as in the crude picture presented in section 5.1.3: it is a process in which
pupils, by drawing on their existing conceptual resources, experiential base and belief
system, come to add to those (with accompanying changes of meaning). What I think
needs to be added to this picture is that, if the process is to make sense to them, pupils
must also be made to want to add to those (with accompanying changes of meaning), in a
way that leads to a proper understanding of science. An approach to science education
that explicitly aims at this I call problem-posing. If one adopts this approach, one will not
unquestioningly assume (as in many traditional science curricula) that pupils simply stand
ready to absorb new knowledge, such that all one has to do is present them this new
knowledge. Rather, the emphasis of a problem-posing approach is on bringing pupils in
such a position that they themselves come to see the point of extending their existing
conceptual resources, experiential base and belief system (with accompanying changes of
meaning) in a certain direction. Let me give some examples.
In section 5.2.4 it has been argued that if the introduction of a scientific term is to make
sense to pupils, it should have a point for them. They should feel some kind of need for,
or at least have good reasons for, having available a term of the kind one intends to
introduce. This need or these good reasons are to create a place in pupils' conceptual
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apparatus for the term to be introduced to occupy. The need or good reasons, moreover,
will in general have to be induced in one way or another. For if they already existed, i.e.,
if the place was already created, it most likely would already be occupied, i.e., there most
likely would be no need to introduce the scientific term because pupils would already
have it at their disposal.
   In general there will also be no existing want of pupils to learn the particular content
one intends to make them learn, if only because they do not yet know that particular
content. So in general one will have to induce such a want. A first step in this direction
might consist in connecting the content that one eventually intends pupils to arrive at with
their existing interests. These existing interests may then induce in pupils, what may be
called, a global motivation for at least beginning to study the topic at hand, and at the
same time provide them with a, without doubt still very vague, sense of purpose and
direction concerning where their study will lead them to. As already noted, this can only
be a first step.
   Further, and more specific, wants will have to be induced in the further process, e.g.: a
want to enlarge their experiential base in a certain direction, in order to find an answer to
a question that has, in turn, been induced earlier in the process. In order to comply with
that want they may subsequently devise an experimental setting, by means of which they
expect to so enlarge their experiential base that they will find an answer to the question.
They will then evaluate their subsequent experimentation in the light of this expectation,
as a result of which a need may come forward for an improvement of the experimental
setting, for further experimentation, and so on.9) In the course of their experimentation,
moreover, they may come to recognize regularities and come to frame inductive
hypotheses. Since they have then played an active part in the establishment of the
hypotheses (on which evidence the hypotheses are based and how the evidence coheres
with the hypotheses), they will also appreciate how, when, and when not to apply those.
Perhaps they also come to see some of the limitations of the established hypotheses,
which may then, in turn, create a need to improve on those. And so on.
From the above examples it will be clear that it is an essential ingredient of a problem-
posing approach that pupils' reasons for being involved in a particular activity are induced
by preceding activities, while that particular activity in turn, together with its preceding
activities, induces pupils' reasons for being involved in subsequent activities.10) Thus their
process of science learning is, at any stage, provided with a local point, which is to
locally involve them in the development of the process with respect to content. Another
essential ingredient of a problem-posing approach is that their process is provided, at
appropriate stages, with a global point, e.g. by making them see a connection with
existing interests, or by bringing them in such a position that they themselves come to
pose a main problem that they intend to work on. A global point is to induce a (more or
less precise) outlook on the direction that their process of science learning will take, and
thus to increase their involvement in the further development of the process with respect
                                         
9. Note that thus, other than in traditional settings (cf section 5.3.1), experimentation does play a functional role
in the development of pupils' learning process with respect to content.
10. Ten Voorde (1977) speaks in this respect of 'being prepared by' and 'preparing for.'
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to content.
   It is perhaps worth noting that it is not the point of a problem-posing approach that
everything should come out of the pupils themselves. If, for instance, pupils themselves
have framed some problem they intend to work on, the teacher might well offer some
elements of its solution. The point then rather is (1) that the teacher can explicitly offer
these elements as possible elements of a solution to their problem, (2) that the pupils,
given that they intend to solve the problem, will be willing to investigate whether these
elements do contain clues for a solution, and (3) that they will be able to do so, given that
they have a clear understanding of the problem since they themselves have formulated it.
More generally, the point of a problem-posing approach is to enable pupils to themselves
perceive their process of learning science as an internally coherent one with a certain
direction, which in important respects is being driven by their own questions and over
which they have some control.
5.4.2 Planning pupils' science learning as a dynamical process of rational
accommodation
In planning a problem-posing approach to teaching some scientific topic, one not only
needs to think about which new scientific terms will have to be introduced to pupils,
which experiments they will have to perform in order to learn which new knowledge, etc.
Irreducibly related to that, one also needs to think about the interests, aims, desires,
intentions, etc, that one will have to link up with, change or induce. A detailed planning
of how, for the topic at hand, a given order of tasks and teacher interventions, in relation
to pupils' reactions to those tasks and interventions, is expected to lead to which changes
of meaning, additions of belief, changes of intention, etc, I call a didactical structure of
that topic. It contains, for example, statements of the following kinds: which experiments
pupils will think of, given what they believe and what they want to achieve; which con-
clusions and questions they will formulate as a result of their experimentation; what point
those questions will give to the next task, etc. Note that if we are to account for such
statements, we will have to make such assumptions as the following: when thinking of
experiments pupils will think of ones that, given what they believe, can reasonably be
expected to lead to a desired result (e.g., an answer to a question they themselves have
posed); they will base their hypotheses in a sound way on the relevant evidence; they do
not accept contradictions in their system of beliefs and, if such threaten to occur, intend
to resolve the matter (e.g., by withdrawing an over-generalization), etc. What such
assumptions come down to, is that we can view pupils as rational agents, who share with
us a largely correct view of the world and basic standards of rationality.
   When pupils are viewed as rational agents, the development of their learning process
with respect to content can be planned as a dynamical process of rational
accommodation, in which pupils intentionally act to keep their system of thoughts as
coherent as possible by adjusting it as rationally as possible as new thoughts are thrust on
them. The outcome of an experiment they have performed for reasons that made good
sense to them, for example, will cause them to add to their stock of beliefs. Rational
accommodation of that belief may lead to new questions that pupils want to find an
answer to, to the formation of an intention to focus their attention on some aspect of an
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event, to their seeing the point of classifying events in a particular way, etc.
Let me make some additional comments. Note, first of all, that it is only when the evalu-
ative attitudes and changes therein are explicitly taken into account in pupils' science
learning, that it makes sense to try to give a dynamical account of the development of
their learning process with respect to content. This observation corresponds to, and is
inspired by, Davidson's observation that the evaluative attitudes do also play a
fundamental role in interpretation (cf chapter 4 and appendix 1).
   A second comment is that, as argued in chapter 4, the policies that are required in a
process of rational accommodation derive from understanding someone else, and making
oneself understood by others, as a rational agent. These policies, which in chapter 4 have
been taken together under the heading 'principle of charity,' are therefore most naturally
called for in an interaction with others. For this reason I think pupils should be allotted an
active role in their learning process and, in particular, be challenged to work and discuss
with each other. An additional reason, already mentioned in section 5.3.2, is that pupils
generally like group work and having an active role, and thus will be more involved in
the process when they are working in groups and are given the opportunity to take an
active role.
   A final comment is that a didactical structure of some scientific topic (as a planning of
pupils' science learning in the form of a dynamical process of rational accommodation)
should not be confused with a rational reconstruction of the topic of the kind mentioned
towards the beginning of section 5.3.1. The point of the former is to plan pupils' process
of learning the topic in such a way that all along the pupils themselves know what they
are doing and why, and that by building on what they already know are given ample
chance to further extend what they already know, driven by what they themselves are
doing, by their reasons for doing it, and by the conclusions they reach and problems they
encounter as a result of doing it. The point of the latter is to reconstruct the topic in
hindsight, not by describing the actual route along which it has been mastered but, having
already mastered it, by conveniently building it up from first principles. As such, it may
have a place in a problem-posing approach, but only towards the end of the learning
process, as a kind of summarizing activity.
5.4.3 An outlook
What I have written above on a problem-posing approach and on didactical structures is
rather programmatic (and intended as such). What it suggests, and what I take as an
important task of science educational research, is to devise, empirically test, improve, etc,
concrete
 didactical structures, with as eventual aim an empirically based didactical
structure of science (Lijnse, 1995), which I think of as constituting science educational
theory. In the remaining chapters I will take a few steps in this direction. In chapter 6 I
will mention some possibilities for outlining a didactical structure at a global level. In
chapter 7 I discuss some aspects of devising a didactical structure. In chapters 8 and 9 I
present and evaluate a concrete didactical structure, namely of the topic of radioactivity.
In chapter 11 I present some (preliminary, fragmentary and immature) suggestions for
future steps.
   Let me close by making a few remarks on two aspects that I have neglected up to now:
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the role of the teacher and the role of teaching materials in a problem-posing approach.
Although their roles are different than in traditional settings, in a problem-posing
approach too both the teacher and teaching materials play an important role, namely in
guiding and structuring the process of rational accommodation that pupils establish and
give shape. Whereas in a traditional setting the teaching materials usually consist in a
textbook, whose main line is a story in which the authors present, explain and illustrate
the theory, and which the pupils are supposed to follow (cf section 5.3.1), in a problem-
posing approach the teaching materials consists in a collection of tasks, whose purpose is
to help pupils in writing their own story (cf section 8.2). In chapter 10 there is more on
the role of the teacher. Let me here just note that, whereas in a traditional setting the
teacher's role often comes down to explaining from above (cf section 5.3.1), in a
problem-posing approach the teacher's role is rather one of, what may be called, guiding
from below.
10 The teacher's role
10.1 Introduction
In the preceding I have repeatedly pointed at (the importance of) the role of the teacher.
In chapter 8 I have noted that the teacher's role in working with a didactical structure as
the one outlined there is different from the teacher's role in more traditional approaches.
For example, giving pupils more control over, and thus more responsibility for, their
progress with respect to content implies a shift in the teacher's control and responsibility:
a shift towards procedural control and responsibility for managing the process. In section
7.4.3 I have noted that it also involves a shift from wanting to make pupils say and do
particular things (with the associated danger of 'hearing and seeing much more' in what
the pupils say and do), towards the teacher's being more prepared to find out what the
pupils actually do say, believe, want, etc and to (re)determine his or her goals on the basis
of what they actually say, believe, want, etc. In section 7.3 I have noted that even if a di-
dactical structure as such can be judged as 'good enough,' which is the maximum
attainable, it still needs the creativity of a good teacher for it to lead to successful educa-
tion.
   In section 7.3 I have also noted that at least the evaluation of a didactical structure
should take place in cooperation with the teacher that has worked with it. In section 9.2.1
I have mentioned that I cooperated quite closely and intensively with one teacher. He not
only worked with the second version of the didactical structure outlined in chapter 8, but
had also worked with the first version, and was involved in the construction and evalu-
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ation of both versions. By this cooperation it was tried to secure as well as possible that
the teacher had made himself so familiar with the essence of the didactical structure and
his role in it that he would not deviate essentially from it.
   In this chapter I somewhat elaborate the above themes. But I now first briefly report on
some experiences during the first year of my research, which have made me realize that a
cooperation with a teacher should be very carefully set up and that it should be set up
with a teacher that has good managing qualities.
In the first year of my research I observed two series of lessons in middle ability classes
that used the unit Radiation, you cannot evade it... (Knoester & Lancel, 1988; cf section
3.3 for some findings of the observations). One of these series was taught by a teacher
that possibly was to further participate in my research, and the main aim of my
observation of the series of lessons taught by her was to find out whether there was a
basis for further cooperation. Before the series of lessons I told her my at that time still
very vague ideas about the aim and nature of my research: I wanted the pupils to
meaningfully learn about the topic of radioactivity, and for that purpose one should
somehow start from pupils' existing knowledge; I later was going to write a series of
lessons on the topic myself, and to get some ideas for that I would like her to try out some
additional activities while teaching the unit Radiation, you cannot evade it.... The teacher
then indicated that she was somewhat sceptical about my aim. Her scepticism did not so
much consist in a denial that pupils have ideas of their own, but rather in her experience
that the gap between their own ideas and those of physics was rather large and hard to
bridge. In fact, she indicated that in her worst moments she sometimes sighed that all that
can be achieved is that pupils learn to solve standard exercises for examinations.
Nevertheless, she said that she herself constantly tried to bridge the gap and so she was
quite prepared to participate and to try my proposals. In fact, she already saw the unit
Radiation, you cannot evade it..., of which she was one of the authors, as making a
serious attempt to bridge the gap.11)
During the series of lessons her scepticism was not noticeable at all (at least not by me).
She was enthusiastic, put quite a lot of time in it, tried to carry out my proposals for
additional activities as well as possible, and regularly indicated to enjoy it all. I too was
satisfied about the series of lessons in the sense that I was confirmed in my suspicion that
the structure of the unit I was going to write myself had to be quite different from the
structure of the unit Radiation, you cannot evade it.... Moreover, from how the tried out
additional activities worked out I got some ideas about activities that might be useful for
the unit I myself was going to write.12) There was also a source of trouble, however,
relating to the teacher's order-keeping abilities. The situation in her classroom could most
of the time best be described as a 'non-aggressive disorder' (cf Créton & Wubbels, 1984).
She did not show much leadership, and quite often the lessons were poorly structured.
She generally tolerated quite some disorder, and the pupils very often were not task-
                                         
1. Because the unit is based on micro-level explanations (cf section 3.2), I myself could not see it that way.
2. Some of the tried out additional activities are indeed precursors of activities that figure in the first and/or
second version of the didactical structure.
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oriented. Although she was quite concerned about the class and willing to explain things
over and over to pupils who had not been listening, the whole situation was usually so un-
structured that only the pupils in her direct neighbourhood were attentive, while the
others would do other things such as talk with each other or make some homework. They
were not provocative, however, i.e., their other activities were not directed against her,
and she usually ignored them while talking loudly to the pupils near her. Her few efforts
to also involve the other pupils were usually delivered without emphasis and mostly had
little or just a short-term effect. Though most of the pupils seemed to like her and she
certainly liked most of the pupils and took a great deal of interest in them, the interaction
between her and the pupils very often resulted in a non-productive equilibrium in which
all of them sort of seemed to go their own way. The teacher's limitations especially came
forward during the additional activities, most of which were of the 'class discussion'-type.
For even though the teacher really attempted to involve all pupils, she mostly did not
succeed. The result was that the discussion was also hard to follow for the few pupils that
were attentive, because of the many times that it was interrupted by the teacher's (vain)
attempts to call the other pupils to order. The teacher was well aware of all this, and
although she herself also did not find her teaching style particularly good, she also main-
tained that, at least for the time being, it reflected her best way of surviving in the class-
room. So if there was to be a further cooperation with this teacher, it would have to be
accompanied by an in-service training in managing order problems.
However, and at the time quite unexpectedly for me, the teacher herself decided that
there was not going to be a further cooperation. The results of the test that followed the
series of lessons had reawoken her old scepticism. The test consisted for about two-third
of rather standard tasks (about half-life, the different penetrating power of the different
kinds of radiation, the number of protons neutrons and electrons that a given isotope
consists of, etc, i.e., exercises of the type that could come up in the examination), and for
about one-third of tasks that demanded some insight (in e.g. the point of distinguishing
between contamination and irradiation). It turned out that generally the pupils answered
the standard tasks sufficiently well, though not overwhelmingly so, but the insight-tasks
rather poorly. I did not make much of those test results, or at any rate I found them quite
understandable. For, as I have already noted, the additional activities, which explicitly
aimed at insight, went past most pupils. Furthermore, the additional activities were not
backed up by worksheets and also did not fit nicely into the unit Radiation, you cannot
evade it.... For me, all this meant that adding just a few activities was not sufficient.
Although some of them might be useful, they had to integrated in a structure that was
quite different from the structure of the unit Radiation, you cannot evade it..., and had to
backed up by written material that would serve as a hold for pupils. In short, I would have
to write my own series of lessens and that was precisely what I was going to do. For the
teacher, however, the results of the tests confirmed her earlier scepticism. Below I give
some fragments of her verbal explanation of her decision to quit.
If I look at the enormous amount of time I have spent on it and that the part that does
later come up for examination, that already that part is not really right, and that this [the
part relating to insight, KK] apparently also has not got across, then I say... well, this is
wrong, this is a waste of my time, period.
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These pupils [middle ability pupils, KK] have been taught tricks and memory aids from
primary school on, otherwise they do not make it through that school. And then you
cannot in six weeks all at once aim at insight... and forget that there is something like an
examination waiting for them that they will have to do. So I think that in this context it
is indeed unfeasible [to aim at insight, KK].
I have followed your road all along, and if I now look at what it has yielded then I
think... well, if I had done it my way it would have taken me, a, less time and the test
would have been made better. [...] Not the second part [the insight-tasks, KK], the
multiple choice [the standard tasks, KK]. Then I would have shifted the emphasis. And
then I think, simply from the point of view of my pupils, that is what they have to know.
And then I will do my best to also bring in those other things, but already beforehand I
accept that that will largely be a wasted effort. I told you so at the beginning: you can
try it, but I don't think that it will work. And then I am working on it and then I am
really enthusiastic and then... and I did terribly enjoy doing it, I would like to always
work like this, but... well, I just notice that it has had little or no effect up to now.
I think we have done all that we could have done in this context [she later specifies this
to: with these pupils, in these times, with this previous education; KK]. I would not
know what else you should have done.
Whereas for me the whole thing still had to begin, for the teacher it was all over; whereas
I thought the time was ripe to lay my own road, she thought she had already followed my
road all along, and with little or no effect.
In order to find a new teacher some heads of physics were approached with the question
whether they knew a good and experienced teacher that might be willing to participate in
an educational experiment. In this process the teacher that I worked with for the rest of
my research came forward. In section 10.2, this teacher is characterized. In order to
carefully prepare a productive working relation, the teacher and I took quite some time to
get acquainted. In section 10.3, I report on this preparatory period. In section 10.4, I go
into some aspects of our cooperation during the (re)construction of the didactical
structure. In section 10.5, finally, I try to go beyond this one teacher and more generally
address the question what it means for a teacher to work with a didactical structure that is
'good enough.'
10.2  Characterization of the teacher
The teacher I worked with was born in 1945. He graduated from a college of education in
1967, but only taught for about two months at a primary school. By means of some
refresher courses he in 1969 acquired a qualification to teach physics and chemistry at the
LBO and MAVO types of education and at the first three years of the HAVO and VWO
types of education (cf section 9.2.1). From 1969 to 1984 he taught physics and chemistry
at a school which consisted only of a MAVO-stream. In 1984 this school merged with
another school to form a school for MAVO, HAVO and VWO. It is at this school that up
to this day he has taught physics and chemistry at the levels he is qualified for. It is thus
also the school at which he has worked with the various versions of the didactical
structure. The above may suffice to illustrate that he is a very experienced teacher.
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The head of physics that recommended him also assured us that he is a good teacher, i.e.,
a teacher of whom pupils say that he is a good teacher. I also got this impression by
observing some of his lessons in the preparatory period (cf section 10.3). There was a
pleasant and productive working atmosphere in his lessons, there were hardly any order
problems and if some cropped up the teacher usually managed to immediately and
effectively deal with them. I would have characterized him as 'strict, but nice' or 'nice,
but strict.' In order to somewhat further substantiate these claims, the so called
Questionnaire on Teacher Interaction (QTI) was administered to the teacher and several
of his classes. The QTI, which was developed in the early eighties by Créton & Wubbels
(1984), is an instrument to characterize the affective climate of the learning environment,
as perceived by the participants (pupils and teacher). If we roughly discern two aspects of
teacher behaviour, a methodological one that relates to content presentation and
instructional methods and an interpersonal one that has to do with the teacher's
interpersonal actions that create and maintain a positive classroom atmosphere, the QTI
can be said to capture the latter aspect of teacher behaviour. By discerning these two
aspects I do not mean to deny, of course, that they are interconnected. Wubbels & Levy
(1993b) note in this respect that "[i]f the quality of the classroom environment does not
meet certain basic conditions the methodological aspect loses its significance." In fact,
concerning the teacher whose lessons I observed during the first year of my research I
have made a similar remark (cf section 10.1).
The QTI leads to a characterization of interpersonal teacher behaviour in terms of eight
different types of interpersonal behaviour, which can be represented in a two-dimensional
plane (cf figure 10.1).
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Figure 10.1  The model for interpersonal teacher behaviour. (Figure 2.2 in Wubbels & Levy,
1993a.)
The two dimensions of the plane have been labelled 'proximity' and 'influence.' The
'proximity-dimension' indicates the teacher's degree of cooperation with or closeness to
pupils, on a scale between Opposition (O) and Cooperation (C). The 'influence-
dimension' indicates the extent to which the teacher directs or controls the interaction
with pupils, on a scale between Submission (S) and Dominance (D). In figure 10.1 the
eight different types of behaviour are represented by the eight sectors DC, CD, etc,
"according to their position in the coordinate system (much like the directions on a com-
pass). For example, the two sectors DC and CD are both characterized by Dominance and
Cooperation. In the DC sector, however, the Dominance aspect prevails over the
Cooperation aspect" (Wubbels, Créton, Levy & Hooymayers, 1993). In figure 10.1, each
of the eight sectors is also characterized in words, both briefly (DC by 'leadership,' CD by
'helping friendly,' etc) and somewhat more elaborately in terms of characteristic teacher
behaviour.
   The questionnaire itself, the QTI, of which there is a Dutch and an American version,
"is divided into eight scales which conform to the eight sectors of the model. In the Dutch
version each sector scale consists of about ten items (seventy-seven in total) which are
answered on a five-point Likert scale. The American version has sixty-four items and a
similar response scale" (ibid). For a discussion of the reliability and validity of the QTI, I
refer to Brekelmans et al (1990).
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Figure 10.2 Average teachers' perceptions of ideal teacher behaviour and average students'
perceptions of best and worst teachers in the United States. (Figure 3.7 in Wubbels &
Levy, 1993a.)
"Each completed questionnaire yields a set of eight scale scores which are then combined
into a profile ... Scale scores equal the sum of all item scores and are reported in a range
between zero and one. A scale score of 'one' indicates that all behaviours in a scale are
always (or very much) displayed. A 'zero' is the opposite: the absence of scale
behaviours. The profile represents the teacher's communication style as perceived by the
teacher or his or her students. It is usually depicted in a graph with scale scores
represented by shading in each sector" (Wubbels, Créton, Levy & Hooymayers, 1993).
Figure 10.2 contains three examples of such graphically represented profiles. They derive
from three different types of data. "Students in The Netherlands, the United States and
Australia were asked to rate their best teachers on the QTI. Also, teachers in the three
countries provided self-perceptions about their ideal behaviour. Finally, a smaller group
of Dutch students completed the QTI for a teacher they thought of as their worst. Figure
[10.2] shows the average scores for these three groups in the United States. The results
are similar for the other countries" (Levy et al, 1993). Figure 10.3 may be another profile
of interest. It "shows the average of 463 students' perceptions for a random sample of 118
Dutch teachers." (ibid). So in a sense it represents the communication style of the mean
Dutch teacher, as perceived by students.
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Figure 10.3 Average students' perceptions of random sample of Dutch teachers. (Figure 3.2 in
Wubbels & Levy, 1993a.)
By using a variety of clustering procedures and similarity measures, Brekelmans (1989)
has established a reliable and stable typology of eight types of communication style, such
that each profile out of a large number of profiles of Dutch, American and Australian
teachers belongs to one of these eight types. By combining QTI data with descriptive data
of classroom atmosphere, Brekelmans has also given a description of each of the eight
communication styles in terms of teacher/student behaviours and learning environment
characteristics. Brekelmans et al (1993) contains, for each of the eight communication
styles, both the mean profile corresponding to it and its description in terms of learning
environment characteristics.
I hope the above gives sufficient information on the QTI. As I have already noted, the
QTI has also been administered to the teacher and to several of his classes that worked
with a version of the didactical structure.
Figure 10.4 The teacher's perception of ideal teacher behaviour (a); the teacher's perception of his
interpersonal behaviour in one of his classes (b); that class' perception of the teacher's
interpersonal behaviour (c).
The profile in figure 10.4a is the result of the teacher's completion of the QTI in terms of
his ideal behaviour; figure 10.4b is the resulting profile of the teacher's completion of the
QTI for his behaviour in one particular class (in fact, one of the classes in which the first
version of the didactical structure was tried); figure 10.4c represents the teacher's
communication style as perceived by the pupils in that particular class (it corresponds to
the class means of their completion of the QTI). The profiles corresponding to the
teacher's perception and the pupils' perception of the teacher's communication style in
other classes are similar to figures 10.4b and 10.4c respectively. In fact, in terms of
Brekelmans' typology all those profiles are of the type that she has labelled 'Authorita-
tive.' In Brekelmans et al (1993) it is characterized as follows.
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The Authoritative atmosphere is well-structured, pleasant and task-oriented. Rules and
procedures are clear and students don't need reminders. They are attentive, and
generally produce better work than their peers in the Directive [another category in the
typology, KK] teacher's classes. The Authoritative teacher is enthusiastic and open to
students' needs. He or she takes a personal interest in them, and this comes through in
the lessons. While his or her favourite method is the lecture, the Authoritative teacher
frequently uses other techniques. The lessons are well planned and logically structured.
He or she is considered to be a good teacher by students.
The teacher's ideal communication style (i.e. the one that corresponds to the profile of
figure 10.4a) is of the type that Brekelmans has labelled 'Tolerant and Authoritative.'13) In
Brekelmans et al (1993) it is characterized as follows.
Tolerant/Authoritative teachers maintain a structure which supports student responsibil-
ity and freedom. They use a variety of methods, to which students respond well. They
frequently organize their lessons around small group work. While the class environment
resembles Type 2 [the above 'Authoritative' type, KK], the Tolerant/Authoritative
teacher develops closer relationships with students. They enjoy the class and are highly
involved in most lessons. Both students and teacher can occasionally be seen laughing,
and there is very little need to enforce the rules. The teacher ignores minor disruptions,
choosing instead to concentrate on the lesson. Students work to reach their own and the
teacher's instructional goals with little or no complaints.
Hereby I hope to have sufficiently characterized the interpersonal aspect of the teacher's
classroom behaviour. Let me close this section by noting that the quality of the classroom
environment that he manages to create is such that the methodological aspect, on which
my research mainly focuses, could indeed be given full consideration. In devising the
didactical structure we have been in the luxurious position that whatever technique or
instructional method we proposed (be it group work, class discussion, experimental work,
or complex combinations of these), we could always count on the teacher's ability to
satisfactorily handle them.
10.3 A preparatory period
Before the teacher and I decided to cooperate on an educational experiment, we had an
exploratory talk in which I told something about my ideas concerning the experiment and
the teacher about his attitude towards it. I told him that I wanted pupils to meaningfully
learn about the topic of radioactivity, that recent research had shown that this aim was
very often not reached (not just for the topic of radioactivity, but for almost any topic),
and that part of this failure might be due to the fact that most approaches do not start
from where pupils are. It almost seems as though for pupils the scientific knowledge they
'learn' is something alien that only has application in the science classroom. I also told
                                         
3. I want to thank Rob Houwen for the analyses of the QTI data: for producing the profiles like those in figure
10.4, and for determining the type of communication style to which each of them belongs.
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him about the cause of our having this exploratory talk: another teacher's decision to quit,
and why that other teacher had decided so (cf section 10.1). Of course, I would like to
prevent a repetition of that situation. In order to do so I told him I had first of all planned
a quite extensive period to carefully prepare a productive working relation. So taking an
active part in this preparatory period would be one thing I expected him to do, if he
decided to cooperate. Other things would be that he helped in writing new teaching
materials (in the first instance in a commenting role), worked with these new materials
(while the relevant lessons were being videotaped), etc. What he would get in return were
two non-teaching periods and a piece of in-service training that, hopefully, was going to
be useful for him.
   Of course I also wanted to know how he felt about the aim of my research, however
vague it was. In particular I wanted to know, in the context of preventing a repetition of
the situation with the previous teacher, whether or not he shared her sceptical attitude.
The teacher said to recognize that knowledge does not always function, in the sense that
pupils cannot apply it. He told that he thinks that is a problem: it frustrates. So he
suspected that he somehow worked on that problem, although it was not a conscious
element of his teaching practice. At any rate, from what I had told him he said to have
gathered that participating in my research would give him the opportunity to explicitly
think and learn about an attempt to tackle that problem, and he certainly did not already
beforehand consider such an attempt to be a lost cause. In fact, he said to see no reason
why insight would be impossible for middle ability pupils. Finally, the teacher said to
hope that by participating in my research he could learn something that might also be of
use for other topics than the topic of radioactivity. From this I gathered that at least he
had a non-negative attitude towards (the aim of) my research.
On the basis of this exploratory talk the teacher and I decided to cooperate. In this section
I report on the first stage of our cooperation: the preparatory period. In section 10.3.1, I
sketch the aims, procedure and outline of this preparatory period; in section 10.3.2, I
sketch the way it developed and mention some of its main outcomes.
10.3.1Aims, procedure and outline
The main aim of the preparatory period was to prepare a productive future working
relation with respect to writing, trying, etc new teaching materials. In a process in which
he came to familiarize himself with (the aim of) my research and I came to familiarize
myself with his way of teaching we would have to develop a common way of talking
about teaching and learning in general, and about teaching and learning the topic of
radioactivity in particular.
The preparatory period took place during the fall of 1989. In that period I visited about
one lesson per week, mostly in one of the classes in which later in the school year the first
version of the didactical structure was going to be tried. Furthermore, the teacher and I
had eleven meetings of about two hours each. The teacher's preparation of a meeting
consisted in his doing some homework (of about two hours per meeting). Mostly the
homework tasks were given by me, e.g.: study the similarities and dissimilarities between
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two units on the topic of radioactivity; study some transcripts of interviews with pupils
about molecules or radioactivity and relate these to your own teaching about those topics;
study some transcripts of fragments of lessons on the atomic model (what are pupils'
difficulties and do you recognize these difficulties from your own experience?); study a
description of pupils' existing knowledge about radioactivity (along the lines of section
2.5 of this thesis) and comment on it. Occasionally the teacher also set his own home-
work task, e.g.: carry out a small scale questionnaire study in one class at his school and
analyze the results. My preparation usually took me about one working day. It consisted
of things like: selecting useful homework tasks for the teacher; anticipating his reactions
to it and thinking of ways to build on that in order to clarify some of my ideas about
teaching and learning (the topic of radioactivity); studying the conversation we had
during a previous meeting (the meetings were recorded on audiotape), and making a
reflective report of it in order to identify themes that deserved a further treatment in later
meetings; thinking of ways to integrate what I had noticed during visits of lessons in our
meetings.
   Some of the themes that came up during the meetings were: the aim of the preparatory
period and an outline of it; the tendency to base units on the topic of radioactivity on
particle models (cf section 3.2); the way such 'models' are often understood by pupils and
its consequences for their learning about radioactivity (cf section 3.3); parallels between
the teacher's and my learning process during the meetings on the one hand, and pupils'
learning on the other; the teacher's role with respect to content: holding back versus
steering; the knowledge that seems to be required for an adequate understanding of (the
possible dangers of) daily life situations having to do with radioactivity; the usefulness of
the meetings.
   The teacher's homework for the final meeting of the preparatory period was to write a
review of it: on what he had learned from it, on whether through it he felt prepared for a
further cooperation, etc. In the final meeting we discussed his review. The totality of my
reflective reports of each meeting can be seen as my review of the preparatory period.
Section 10.3.2 is based on it.
10.3.2Development and outcomes
At the beginning of the preparatory period I had some ideas about themes that I wanted to
bring up for discussion (cf the previous section), but I did not really have much ideas
about how to structure each of the meetings, about a suitable order in the themes I wanted
to bring up for discussion, about useful homework tasks for the teacher, etc. In fact, the
latter ideas gradually developed during the meetings and also as a result of my making
reflective reports of each of the meetings. Below I sketch and exemplify these
developments, the use of my regular visits to lessons given by the teacher, and some of
the main things the teacher and I have learned from the meetings.
The structure that the meetings gradually assumed
After a while the structure of the meetings between the teacher and me was based on our
awareness that we approached educational matters differently and with different
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experiences, and took the form of trying to make explicit each other's approach and
experiences while discussing concrete material (transcripts of lessons and interviews with
pupils, results of questionnaires, textbooks, things that happened in a lesson I visited, etc).
Below I exemplify how an analysis of the earlier meetings gave rise to this structure and
how this structure was made explicit.
The first meeting was a brief one and concerned the procedural aspects of future meetings
(how often, how long, how much preparation, etc). The second meeting was the first one
in which we discussed issues. The theme I wanted to bring up then was the obviousness
of the tendency to base a unit on the topic of radioactivity on particle models. In order to
first of all make clear this tendency, I selected two such units (the unit in the textbook the
teacher normally used and the unit Radiation, you cannot evade it...), which, although
they are quite different with respect to e.g. content presentation, essentially have the same
structure. So the homework task I gave to the teacher was to study those two units and
capture the main lines of the way each of them is build up. I expected that thus he would
also find that the two units are essentially the same and, in particular, both begin with the
presentation of a nuclear 'model.' (This would then allow me to ask whether it is obvious
to begin in that way.) More or less for the sake of completeness I added to the homework
assignment the question what the differences between the units are. It turned out that the
teacher had indeed noticed the similarity in structure, which he framed as 'what atoms
are; what radiation is; how radiation emerges; what the effects of radiation are,' but that
he was most struck by the differences between the two units. He found the unit Radiation,
you cannot evade it...
 much more pupil-friendly, especially for middle ability pupils:
better geared to them and more surveyable for them. For it consists of relatively short and
easily readable pieces of information, each of which is followed by some questions that
directly refer to it, it contains regular and short summaries, etc. The other unit, in
contrast, contains many long stretches of text with too high a level of difficulty, which, as
was the teacher's experience, a middle ability pupil simply cannot get through.
Our different approach can in this case be characterized as our laying a different
emphasis. Although I noticed the difference in content presentation (and had, in fact,
selected the two units because of this difference), I emphasized the similarity with respect
to structure. And although the teacher noticed this similarity, he emphasized the
difference in content presentation. The teacher's emphasis can be said to reflect his
practical and pragmatic approach, with an immediate link to his everyday teaching
experience. One of the first things he asked me when discussing the two units was: what
do you have in mind, something like this unit or something like that one? My own
emphasis can be said to reflect my more theoretical approach, which is also related to
existing teaching practice but more in the sense of looking at it from some distance and
bringing it up for discussion -in this case, the obviousness of the existing tendency to base
a unit on the topic of radioactivity on particle models.
What enabled the teacher to also bring in his points was the part of the homework
assignment that asked for dissimilarities between the two units. I have already mentioned
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that at the time I more or less accidentally included that question in the homework
assignment, or had at any rate not included it in order to allow the teacher to bring
forward his points. If only for the reason that in a period of getting acquainted the teacher
should also be given the opportunity to bring forward his own points, for future meetings
I very consciously tried to devise such homework tasks, that the teacher, with his more
pragmatic approach, and I, with my more theoretical approach, could each bring forward
our own points, thus make explicit each other's approach and experiences, and thus also
learn from each other. Indeed, it was not just out of politeness that the teacher was given
the opportunity to bring forward his own points, and the fact that in the meetings I
naturally had to take the initiative did not imply that only the teacher was supposed to
learn something. I also learned from the teacher. The teacher's comparison of the two
units, for instance, made me realize that in the later writing of new teaching materials I
would have to seriously deviate from my normal writing style. Instead I would have to
write relatively short and simply constructed sentences that would have to be organized in
a whole that is easily surveyable for middle ability pupils. At least in that respect, so I
learned from the teacher, I should take the unit Radiation, you cannot evade it... as an
example.
In later meetings I also tried to make this structure of our meetings explicit: by
illustrating it at examples like the one above; by explicitly telling one another what each
learned from the other and how that relates to the other's approach; by drawing parallels
between our learning from each other and pupils' learning from their teacher (or teacher's
learning from his or her pupils). In the fifth meeting, in which among other things we
looked back on the previous meetings, the teacher also recognized the structure that the
meetings had assumed:
I do also sense it like that. That we are feeling out, catching up from each other. I hear
new things, you learn new things. Obviously you take the initiative. Well, that's how I
see it: you are... I'm here for you. I think you have to take the initiative. I think I get all
room. If I dwell on something, then there simply is time for that, then we simply keep
on talking about that subject. I... up to now... I actually think it's getting easier and
easier for me. The first time I thought: Jesus, it looks like an examination or it looks
like... I have the feeling that I'm being interrogated about what I do and do not know.
And now I don't have that at all. We're simply feeling out: how do we think about some
things?
Later on the teacher told me that his initial feeling also derived from his not feeling very
safe at the time. He, the dumb teacher, had to go to a place where he did not really
belong: The University.
Of course the teacher and I gradually grew closer to each other. When in later meetings
we e.g. discussed some transcripts of lessons, the teacher would bring forward points that
I also found relevant, and for very much the same reasons. The main difference between
us then was that I usually brought forward more similar such points, which the teacher,
after I brought them forward, mostly also recognized as similar. At first this difference in
quantity gave the teacher the impression that he had not done his homework well enough
and, in fact, made him feel sort of guilty. Of course, I then told him that there was no
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need for such impressions and feelings. On the contrary, the fact that he focused on very
much the same points as I did was evidence for the fact that our approaches converged
with respect to some themes. The difference between us then no longer was a matter of
different approaches, but rather of different amounts of time spent on homework
assignments.
Shifts in theme: from content to didactics
There usually also was a shift in theme in each meeting, which at first again occurred
rather accidentally but, after I had noticed it in earlier meetings, was planned more
consciously in later meetings. I would characterize the shift as one from content to
didactics. Let me again try to illustrate this at the meeting in which the two units were
compared. The question concerning the similarity between the two units can be said to
deal with content, in the sense that its answer is that with respect to content the two units
are essentially the same. On the basis of that answer, which as already noted the teacher
had also given, our discussion gradually developed in a didactical direction in the sense
that the structure of the content presentation was related to teaching and learning. To my
question why the units begin with atomic models, the teacher's initial response was as
follows.
This book simply assumes that... I later have to tell about those isotopes with which
something special is up, so I first have to tell what isotopes are. [...] In order to teach the
concept 'isotope' they first have to know something about atomic models, otherwise you
can't explain it. But you think it can be done differently?
The teacher's argument is of course valid within the existing structure of the units. But it
was this structure that I wanted to bring up for discussion. I tried to do so by noting that
beginning with atomic models is like beginning on the most advanced level. Is it not
possible to already say something about radioactive phenomena without using particles,
without immediately going deeply into the theory behind them? This at least made the
teacher understand that I wanted something that differed from the existing structure.
You don't want to begin with... straight to the smallest particle and everything is
connected to those smallest particles. You want to begin with... what does happen, how
could that be, search... arouse interest... and first spend some time on that before we go
more deeply into it, right?
I then tried to link up with his 'to arouse interest' in the sense of 'to induce a need for a
deeper explanation,' an explanation at any rate of something they already know at a phe-
nomenological level. The teacher put this in his own words as follows:
Would they be more inquisitive, that really is... more eager to learn about the particle
model if they are going to hear about it later? First, what is it and what do we notice of
it and effects, slowly settling in, and only then the explanations.
This 'to make pupils eager to learn about something,' which fitted into my developing
ideas about a problem-posing approach, is a didactical theme that often recurred in our
subsequent meetings.
Another more didactical theme that the teacher had picked up from this meeting is the
following: is one thing really needed as a preparation for something else? This turned out
when several meetings later he came back on his earlier statement that "in order to teach
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the concept 'isotope' they first have to know something about atomic models, otherwise
you cannot explain it," and concluded that it is possible to talk about isotopes without
first having to talk about atomic models, which was in fact his first step in loosening
himself from the existing structure. His reasoning was that all that is really needed to
understand the concept of isotopes is the idea of slightly different things. He used the
example of a bag of a hundred white marbles, of which on closer observation it turns out
that one has a little crack and one a little black spot. By calling the three possibilities
(perfect white marble, marble with little crack, marble with little black spot) three
isotopes of white marbles, pupils could thus get the idea of what an isotope is without
having to know anything about atomic models. He went on by noting that also in a subse-
quent treatment of atomic isotopes, there really would be no need to talk about protons,
electrons or differing numbers of neutrons. All that needs to be said is that some atomic
isotopes are different in the sense that something special can happen to them. I then
elaborated on the theme the teacher brought forward, for I believed that he was very close
to noticing that it is possible to talk about 'the something special that can happen to them'
in other terms than changes in microscopic structure. I tried to do so by admitting his
conclusion that it is possible to talk about isotopes without having to talk about atomic
models, and by going one step further: is it also possible to talk about radioactivity
without having to talk about isotopes? The teacher thus came to the insight that it is
possible by simply calling something radioactive if a Geiger counter starts ticking in its
vicinity. I could then also inform the teacher that I had this possibility in mind as a means
to start up the series of lessons we were going to devise.
   The didactical theme brought up here by the teacher also came back in later meetings.
When later on we e.g. discussed the general constraints on the series of lessons we were
going to devise, it returned in the following form: an activity should be meaningfully
prepared by preceding ones and meaningfully prepare following ones.
When thinking about a suitable order in the themes I wanted to bring up for discussion, I
also tried to make use of the idea 'making someone eager to learn about something.' That
is, I tried to arouse the teacher's interest in a new theme on the basis of previous themes.
In some cases I succeeded in this. The teacher for example understood why on the basis
of the meeting in which the two units were discussed, I gave him the homework
assignment to study some interviews in which pupils were prompted to give particle
explanations.
You want to get rid of that particle model in your new planning. [...]  We teach them
that all right, those particles and how all of that... but can they themselves handle that
too? For, of course, if you find out, they cannot handle that at all and haven't formed
any idea at all of.., then you will be on strong ground in saying we have to try it in a
different way.
When shifting to a didactical theme I often used such concrete examples from our own
meetings as a means to bring it up for discussion. If possible I would, for the same
purpose, also use concrete examples from the lessons I visited.
Apart from shifts from content to didactics within one meeting, in retrospect I notice a
similar shift in the course of the meetings as well. In later meetings we more often and
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more directly discussed didactical themes, e.g.: pupils enter the classroom as empty
vessels versus pupils have a background and this background influences their
participation; explaining versus challenging pupils to find things out by themselves (as a
form of making them eager to learn about something); asking pupils questions versus
making pupils ask questions (as a form of making them eager to learn about something).
   In discussing such themes, the teacher was of course especially interested in the
consequences for his own role in the classroom. In fact, our discussion about his role was
one an ongoing one. It continued during the following construction, try-out,
reconstruction, etc of the didactical structure (cf section 10.4). In the preparatory period
we often talked about the teacher's role in relation to yet another didactical theme:
holding back versus steering. We tried to sort of take stock of the various ways in which
these terms might be given content, if possible by using concrete examples. Steering or
helping pupils, for instance, need not only consist in explaining. Pupils might e.g. also be
helped in their learning process by making them arrive at some problem that they
themselves come to see as worthwhile to work on. 'Holding back,' on the other hand, is
not meant as 'withdrawing' or 'laisser faire.' It might e.g. be given content in the form of
'getting into the skin of the pupils' and 'trying to learn along with the pupils.' Since the
preparatory period was also meant as a preparation for the coming construction of a series
of lessons, in the later meetings we more and more began to talk about that as well (as
part of our shift towards more didactical themes). In that context it was concluded that a
substantial steering role should also emanate from the design of the series of lessons. In
the construction of the series of lessons, we would have to think out such tasks and such
an order in tasks that we have al reason to expect that by working on them pupils are
steered in the direction of some goal (e.g.: their recognition of some problem). 'Holding
back' might in that context be given content as sort of opposite to 'seeking confirmation
of our expectations' or 'pursuing our goals at all cost.' Whereas the latter two attitudes do
not prepare the ground for a meaningful evaluation, holding back in the sense of trying to
learn along with the pupils may bring to the fore both the need for adjustments
concerning (the order in) tasks, expectations and/or goals, and suggestions for plausible
such adjustments (cf section 7.4.3).
Use of visits to lessons
One aim of the preparatory period was to familiarize myself with the teacher's classroom
behaviour, i.e., in the terminology of section 10.2, both with his methodological and his
interpersonal teaching style. In this respect my regular visits to his lessons were of course
useful. They were also of use for our meetings, however, as I now try to illustrate. Let me
first of all repeat that in our meetings we mainly focused on the methodological aspect.
The interpersonal aspect of classroom behaviour, and in particular the teacher's interper-
sonal teaching style hardly came up in our talks. In the first place I did (and do) not feel
competent to discuss the latter aspect. Secondly, it seemed to me that in his case there
was hardly any reason to discuss it (cf section 10.2). So concerning this aspect I limited
myself to occasional remarks how well I thought he managed to create and maintain a
pleasant and productive working atmosphere.
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Especially during our first meetings, I tried to bring forward some features of his
methodological teaching style that I had picked up from visiting his lessons. He e.g.
hardly ever gave a direct answer to pupils' questions, but instead tried to challenge them
to themselves find the answer, if necessary by giving some casual clues: 'I don't know,
but might it be that...' He would then some time later come back to see how they were
doing and, if necessary, help them yet another bit further. Out of examples such as these,
and the teacher's comments on them, eventually grew didactical themes such as:
explaining versus challenging pupils to find things out by themselves; asking pupils
questions versus making pupils ask questions; holding back versus steering.
   In the above I have already repeatedly mentioned this aspect of the use of my visits of
lessons, i.e., to have available concrete examples that both of us witnessed. Those
examples could then e.g. be used to make explicit each other's approach, to start a
discussion about further or similar experiences, to bring up or illustrate other didactical
themes, etc.
Another aspect of the use of my visits of lessons derives from the different approaches of
the teacher and me. One of my aims of our discussion of some interviews in which it was
tried to make pupils give particle explanations, for instance, was to explore why pupils
failed to do so, and this aim reflects my more theoretical emphasis. The teacher's more
practical and pragmatic approach, with an immediate link to his everyday teaching
practice, is e.g. reflected by the fact that following our discussion he wanted to find out
about his pupils' ability to give particle explanations. Moreover, and in this sense my
visits, and particularly the ones at the beginning of the preparatory period, provided a
stimulus for him to try things out in my presence, so that we could later talk about it.
Later on, however, he no longer needed my actual presence in order to try things out. It
was then rather his own enthusiasm that made him do it. Of course, he would then still
report about his experiences in a subsequent meeting.
Some learning outcomes
In his review of the meetings, the teacher indicated what he had learned from them:
Well, one of the things that have most struck me is that much more than before I
wonder whether my way of teaching, treating the subject matter, observing and
evaluating pupils... is done in the right way. Less than before I rely the old routine in
which, as I have come to realize, I was somewhat getting stuck. So you could now
describe it as greasing the whole thing in order to counter the getting stuck.
Also during the meetings themselves he had already made similar remarks, e.g.:
...you are confronted with what you are really doing the whole day, and self-evidently
so.
So you see, not just here I am wondering... but also during my lessons I am... it already
is on my mind. Well, why am I doing this? I do not wonder whether I am doing it right,
really, but could I do it differently, does it make sense that I tell it to them, what do they
really pick up from it, what will they do with it?
So the teacher has experienced the meetings as useful, as refreshers of his teaching
practice in general. This may also be illustrated by the enthusiasm with which he tried
things out that were discussed in meetings.
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More in particular, the teacher has also experienced the meetings as useful. Concerning
the themes relating to content, for instance, he indicated to have become sensitive to the
problems that pupils have with particles and to the question whether a treatment of the
topic of radioactivity should be based on particle models. He in fact admitted to have
been shocked by the poor understanding that pupils have of particle models. And his
pupils too, as he found out when in one of his classes he challenged the pupils to explain
why a roadway expands on a hot day and they came up with answers such as: the
molecules expand, the air between the molecules expands, or the intermolecular spaces
between the molecules expand. Here is one more example of the influence that in this
respect the meetings have had on his teaching practice:
Today, for instance. [...] Someone drops the word 'molecule.' Another one immediately
says: the smallest particle of a substance with all its properties. Never ever would I have
reacted to that. That is correct. Today we have talked about it for a quarter of an hour.
Have talked about it for a quarter of an hour! Would it really be like that? [...] I don't
know whether those pupils have gained anything from it. But at any rate it is the result
of these meetings.
Concerning the didactical themes, the teacher wrote in his review that especially our
recurring discussions about 'holding back and steering' had been very instructive. He also
indicated to have gathered from the totality of our meetings that I am a proponent of
"letting pupils themselves experience, describe and tentatively process, instead of the
traditional model of learning, digesting and testing." In this respect too the teacher noted
that the meetings have had their influence on his teaching practice, e.g.:
...I more often try to get into the skin of the pupils...
It has already yielded fruit (still to be seen whether it is ripe) in my daily teaching
practice. Holding back, listening to pupils, adjusting a little later. A changed attitude
with regards to pupils' making notes of observations. Less direct 'explaining.'
The main thing I learned from the meetings was to further specify and illustrate what the
consequences for the teacher's role are of my ideas about how pupils could meaningfully
learn about the topic of radioactivity. For up to then those ideas mainly concerned pupils'
learning process, e.g.: whether for pupils one thing (e.g. particle models) really is a
meaningful preparation for another thing (radioactive phenomena). Of course I had some
ideas about the teacher's role in pupils' learning process, but it was the teacher, with his
pragmatic demand for immediate applicability to his practice, who continuously chal-
lenged me to do further develop those ideas and also contributed to that further
development. For me too, our discussions about 'holding back and steering,' and
particularly about how the notions 'holding back' and 'steering' could be given further
content in relation to my developing ideas about a problem-posing approach, were most
instructive.
   Another thing I learned from the way the meetings themselves proceeded, was how
useful it is to regularly and explicitly build in reflective activities. For it had been
beneficial for our meetings that each of us regularly thought about, and that we then
explicitly talked about, questions such as: what have we done, what have we achieved
and where does that leave us? So it would also be useful, and moreover in line with a
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problem-posing approach, to build in such activities in the series of lessons we were
going to devise.
   Some of the minor, but still important, things I learned also relates to the construction
of the series of lessons. The textbook that pupils are to work with should be carefully
edited, and easily surveyable and readable. It should be clear to them that quite some
time and effort has been put in it, in order to increase their willingness to seriously work
with it. The latter point may be compared to a remark that the teacher made in his review,
namely that it was also due to my careful preparation of the meetings that he was
challenged to invest quite some time in the homework assignments.
I conclude that our preparatory period had met most of its aims. I had come to familiarize
myself with his way of teaching. He had become sensitive to the problems with the
existing structure to treat the topic of radioactivity, and had gathered some ideas about an
alternative structure. We had developed a common way of talking about teaching and
learning that promised to be useful for a productive future working relation with respect
to writing, trying, etc new teaching materials. Particularly the theme 'holding back versus
steering' seemed to be useful for both of us. For the teacher because it directly concerned
his role; for me to further think through what, in terms of holding back and steering, the
consequences for this role are in a problem-posing approach. I felt prepared for our future
cooperation, and so did the teacher: "I'm one hundred per cent behind the experiment. I
have confidence in it."
   What had not become clear, as the teacher remarked in his review, is "what precisely
the lines are along which and why your research takes place." I guess I myself also did
not know that at the time.
10.4 Cooperation during the (re)construction and try-out of the
didactical structure
Following the preparatory period, the teacher participated in my research for a period of
two and a half years. In this period he worked with both versions of the didactical
structure and was also involved in the construction and evaluation of them. In this section
I describe some aspects of our cooperation in this period, and in particular how in this
period our discussion about his own role in the classroom continued, with the eventual
aim that he made himself so familiar with the essence of (especially the second version
of) the didactical structure and his role in it that he would not deviate essentially from it.
10.4.1Construction and try-out of the first version
For the construction of the first version of the didactical structure there was about three
months available. In these three months I had to put flesh to my still vague ideas about
another way to structure the treatment of the topic of radioactivity (e.g.: not begin with
particles but rather end with them), by thinking of suitable tasks and a suitable order in
the tasks. Choices had to be made (sometimes rather ad hoc) in order to meet some con-
straints: the total series should take about 10 lessons (of 50 minutes), applications of
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radioactivity should be treated, the examination syllabus had to be covered, etc.
Furthermore, a textbook for pupils had to be written, edited and laid out in such a way
that for them it would be challenging to work with, and easily readable and surveyable.
At the end of the three months there was indeed a pupils' textbook but, as it had been
produced under heavy time-pressure, I was not quite satisfied about it. I did have the
feeling, however, that it was worth being tried in the sense that from the try-out we could
learn a lot about possible improvements.
   In those three months the teacher was one of the people who commented on my
intermediate products, and what occupied him most was to see how the vague ideas about
an alternative structure that we had talked about during the preparatory period gradually
assumed a more definite and concrete form. There simply was no time left to discuss his
role in relation to the material that was being written any further than whether he thought
it feasible to do the activities in the time that was planned for them. Moreover, the
teacher guide that was also being written, was more a justification of the new structure of
the treatment of the topic of radioactivity than a practical guide. So also concerning the
teacher's role I had the idea that a lot could be learned from the try-out. It was in the
evaluation of the first version of the didactical structure that the main work had to be
done, with respect to both the structure itself and the teacher's role in it.
The first version of the didactical structure was tried in two classes. The procedure of the
class observations had been much the same as later in the try-out of the second version (cf
section 9.2.1). In one of the classes the lessons were recorded on audiotape, in the other
on videotape; on the basis of the experiences in the class in which a particular lesson was
given first, some changes were sometimes made concerning the matching lesson in the
other class, etc. But whereas the procedure of the observations was similar, the first
impressions from the observations differed markedly. For, in line with the above
mentioned expectations, the first impressions I gathered during the try-out of the first
version the didactical structure were that it certainly was not yet 'good enough.' That is,
too often the things the pupils did and said were too far out of line with what they were
expected to say and do. Moreover, whereas in some cases rather cosmetic changes might
suffice to improve matters (e.g. by avoiding unspecific terms in the formulations of the
tasks, cf section 7.4.1), in others more structural improvements seemed necessary. In
order that pupils perceive the coherence in successive tasks (cf section 7.4.2) or come to
appreciate some problem in the right way (cf section 7.4.3), for instance, it seemed
necessary to not just superficially change some tasks but also to change their function and
aim, and the way in which they are to be put in a coherent structure.
After the try-out of the first version the teacher was asked to write down his first
impressions. The following may give an idea of what they were.
The last weeks before the start of the series of lessons were marked by a lot of pressure,
concerning the normal work at school as well as the preparation of the start. [...] In
addition to this the material still had not got its definite form and a remark of [one of
the other people who commented on the material] about the amount of subject matter
and the in his opinion too optimistic planning had made me doubt about the possibilities
of the material. After in the end the material had got its definite and carefully edited
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form my concerns were somewhat taken away again.
Once the lessons had begun I was glad to have the opportunity to always teach the
lesson once again in the other class in order to then deal with problems that had been
found in the first lesson. Because of that it turned out that after four lessons I myself got
the feeling that the planning was feasible and my decreasing tension for the lessons of
course made that the further lessons proceeded less tensely.
10.4.2Evaluation of the first version and construction of the second version
The above may already indicate that at the beginning of the evaluation the teacher and I
had a different attitude, which may again be characterized as the difference between a
theoretical and a pragmatic attitude. For me the real work still had to begin, and I was
sure that the evaluation would lead to suggestions for structural changes, for substantial
changes in the didactical structure itself. For the teacher, however, things had worked out
well, and by this he meant things like: we made it in time, the pupils learned something
and they were involved.
   In the first stages of the evaluation this difference was not properly taken into account,
however. We had weekly sessions, for which we prepared by studying one lesson. The
teacher studied the videotape of that lesson, i.e., the lesson in one of the classes. I studied
the videotape too (together with Hans Créton and Wout Moerman), and also the
audiotape of that lesson (i.e., the lesson in the other class) and pupils' notes. During the
session we then exchanged our findings. At least, that was the plan. It turned out,
however, that there was hardly any exchange, but rather a one-way transmission from me
to the teacher, in which I pointed at numerous cases in which what the pupils did and said
was (far) out of line with what we had expected, at cases in which the teacher's role could
have been better, at possible suggestions for improvements in the didactical structure
itself and the teacher's role in it. I was far from content about this one-way traffic. The
teacher, on the other hand, felt sort of guilty for not having enough critical remarks. So
the sessions were increasingly dissatisfying for both of us.
In order to escape this situation, we spend a session on the sessions themselves. Below
are some fragments of what the teacher then brought forward, which also illustrate our
different attitudes.
I've looked quite differently at [the lessons]. I think: I have my material, I give my
lessons, well, I think that my pupils have learned something of it, right. You've looked
quite differently at it, because your starting point was: well, we'll see whether the pupils
have learned something of it. Well, I don't look that way at lessons, I don't look months
back. I think: well, the lessons are over, we have made it in time, so I was satisfied,
right. So I thought that the lessons went well. If you're looking at it through such a
magnifying-glass, well, then indeed you're going to say, and I really do admit that now
too: what we had expected did not quite come out and it might have been done differ-
ently.
[During the try-out] I myself didn't have the idea that we were going to discuss it that
well, that accurate, that we'd go that deeply into it.
So I really am content about the sessions, about the way we're working on it, but it is
different from what I had imagined. Much more about small things, of which you say:
here, see that, now? [...] I found it for instance nice... a nice example, that that second
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lesson I had watched, that I had hardly made any notes really and that I tell you those
and that you then come with [..] no less than thirty remarks, well, five pages full. And if
I read them over, then I think: and it is like that too. Well, and that you pull them out
much more easily than I do. I obviously take notice of quite different things: whether
the children are participating, or that they... I don't take notice of whether they... And I
do think along with you whether it can be done differently, but I do not pick it out
myself.
We concluded that it had been a kind of strange experience for the teacher to look
through a magnifying-glass at the small things of something that was well over and that
on the whole he was quite satisfied about. On the other hand, now that he got used to the
idea he also appreciated that by looking this way it became clear that what we had
expected did not always come out and that things might have been done differently. In
fact, the teacher also indicated that through the evaluations he had become aware that
during the try-out he had not grasped the point of some activities, which accordingly he
had not carried out very well, and had also become aware of other cases in which his role
had not been adequate. Furthermore, the teacher indicated that the many small things
added up to suggestions for quite structural changes, which he appreciated as improve-
ments: "It is a whole different approach, it is quite a different approach. I do think so. The
new design appeals to me."
So the main source of the problem seemed to us that, although he did think along with me
and appreciated the points I brought forward, the teacher himself did not pick out the
things that I did and did not himself come up with suggestions for structural changes. It
was not so much problematic that I picked out more things and that I came up with the
suggestions for improvements. After all, I had given the didactical structure a lot more
thought than the teacher had. Moreover, it was precisely in this period that things began
to fall in place for me, that I began to arrive at the global outline for a didactical structure
as outlined in chapter 6. So it was quite naturally that I took the lead concerning the
structural aspects. What was problematic, however, was that in the sessions up to then
this inequality had not been properly taken into account. For the teacher had the same
general assignment that I had: study a lesson and comment on it.
   As a solution to the problem we suggested that each of us would study the lessons with
a special assignment. I would especially focus on the structural aspects, e.g.: whether the
things pupils do and say is in line with what they were expected to say and do; whether
by changes in formulation, aim, function, order, etc pupils might come to perceive the
coherence in successive tasks or come to appreciate some problem in the right way, etc.
The teacher, on the other hand, would especially focus on, what we called, the procedural
aspects, e.g.: whether the way in which an activity was carried out has contributed to
reaching the aim of the activity; whether by changes in instructional technique or teacher
participation (more) pupils might come to (better) appreciate some problem in the right
way, etc. Of course the structural and procedural aspects hang closely together. So the
teacher had to keep on thinking along with me with respect to the structural aspects,
though he was no longer expected to make substantial contributions concerning them.
And of course I had to discuss the procedural aspects with him, and in particular their
relation to the structural aspects.
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It turned out that by the above division of tasks the problem was indeed solved. Firstly, it
made more clear that both concerning the structural and the procedural aspects the series
of lessons needed to be considerably improved, and also which were the structural and
which the procedural improvements. Secondly, the teacher's new task was directly related
to what most concerned him: his own role, and he was willing, and able, to work on his
new task. Thirdly, the new task was a good preparation for his task during the writing
stage of the second version of the didactical structure, namely to write his own guide. His
new task, finally, enabled us to continue our discussion about his own role in the class-
room, which in the preparatory period we had already begun, and this time more
concretely in close relation to the didactical structure.
So the teacher began to study the tapes again, this time especially focusing on the
procedural aspects. In the terms of our theme 'holding back versus steering,' he noticed
that there were many cases in which his participation had been far too steering. There
were cases in which he virtually took over an experiment that pupils were performing, put
words in their mouths, heard and saw much more in what pupils said and did than what
they actually intended to say and do (cf section 7.4.3), was too focused on pulling out the
desired answer (as in: "I've already heard the right answer"), he tended to address himself
to especially the 'better' pupils, etc.
   Obviously we did not discuss such cases in a blame-context, but acknowledged that a
lot of them derived from the fact that the whole thing had been new and stressing for the
teacher. He had been nervous, especially during the first lessons (cf his review of the try-
out). He had felt the responsibility to make it happen as expected, and therefore was very
much focused on the desired answers, apt to hear and see more than there was to see and
hear, etc. He also had his initial doubts about the possibilities of the material, whether the
pupils are indeed able to find things out for themselves or in the time planned for it, and
therefore he had sometimes tried to speed things up by putting the words in pupils'
mouths, taking over experiments, addressing himself especially to the better pupils, etc.
Furthermore, sometimes our expectations had simply been too high, so that on the spot
the teacher had to deal with unexpected situations. I also think that keeping a tight control
with respect to content was an ingredient of his way of keeping order.
   In our discussions I rather tried to make the teacher take two steps. First, to gain
confidence both in the material and in the pupils. That is, the tasks, certainly when the
suggestions for structural improvements are taken into account, are such that the pupils
are indeed able to take control over their progress with respect to content, that also
without a tight control of him in that respect they are willing and able to themselves think
of experiments, carry those out, draw conclusions, formulate questions, etc. So with
respect to content the steering part of the process should be initiated by the material and
further driven by the pupils as they work with the material. The second step relates to the
procedural aspects: to find ways to so guide the process that, on the one hand, all pupils
are involved, make contributions, listen to each other, etc while, on the other, the process
still proceeds orderly and structured.
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In the first step we discussed cases in which, as the teacher himself had already noticed,
his participation had been far too steering, and compared those to cases in which he had
appropriately held back. Sometimes it was even possible to make this comparison with
respect to the way that one particular activity was carried out in the two classes. This was
the case, for instance, concerning the task whether or not the cleaners of an X-ray depart-
ment need lead aprons.14) In the one class pupils were divided over the matter. The teacher
subsequently gave both sides the opportunity to convince each other, an activity that he
ingeniously managed by imposing the rules that the two sides have to take turns in
bringing forward a point, that someone who wants to bring forward a point for his or her
side has to stand up and that only someone who is standing up is allowed to speak, and
that pupils are allowed to switch sides each time one side has made a point. Since neither
of the sides turned out to be able to make a convincing case, the pupils were then asked to
think of an experiment that could be done with the material present in the classroom and
that might decide the issue. The pupils proposed to put the X-ray machine on for a while
and then measure whether its walls had become radioactive. The final conclusion, on
which everybody agreed, was that lead aprons are not necessary. In the other class,
however, things went rather differently. There all of the pupils initially agreed that lead
aprons are needed. This unexpected result (he had expected that, as in the other class, the
pupils would be divided over the matter) so unnerved the teacher, that he completely took
over from then. He forgot to let the pupils think of an experiment that would prove them
right. Instead he called a pupil forward, told him to put the X-ray machine on for a while,
to then measure the walls with a Geiger counter, and concluded that lead aprons are not
necessary. This conclusion lead to quite some protests from the pupils, probably because
they did not have the faintest idea why the experiment had been carried out. They
certainly had not decided for themselves that it is an experiment by means of which it can
be decided whether or not lead aprons are needed. Consequently, the experiment played
no role in their further reasoning. What had become clear to the pupils, however, is that
the teacher had launched an offensive at their communally held opinion that lead aprons
are not needed, and they began to passionately defend that opinion, e.g.: dust particles or
the air in the X-ray department have been irradiated and therefore are radioactive. The
experiment also played no role in the teacher's further reasoning. Instead he tried to
explain why e.g. dust particles cannot have become radioactive, pretty soon got stuck in
the explanation when he noticed that in it he would have to use the not yet settled
concepts of irradiation and contamination, and ultimately saw no other possibility than to
force the matter: as you will learn in the next chapter, irradiated dust particles are not
radioactive. At that stage it had of course become clear to the pupils that the teacher very
much wanted them to say that lead aprons are not necessary. So in the end they decided
to meet the teacher, at least part of the way: okay, the cleaners do not need lead aprons,
but they do need something else. So here we had a case where the teacher's very steering
role had rather been detrimental to pupils' learning process. If the teacher had given the
pupils the opportunity to themselves steer their learning process (by letting them, as the
pupils in the other class, think of an appropriate experiment), then they would have been
                                         
4. In the second version of the didactical structure this task returned (cf section 8.4.2), but, due to some structural
changes, at a different place.
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confronted with experimental facts that, for good reasons, they themselves had brought
forward. The further discussion could then have been based on facts (on what is seen and
heard) instead of vague speculations and not yet justified conclusions, and would then not
have proceeded in an undesirable attack-and-defence context.
In the second step, the teacher thought of ways to so structure the classroom process that
as much pupils as possible are given ample chance to take control over their progress
with respect to content: in which cases group work is most appropriate and how it could
best be organized; in which cases a class discussion is most appropriate and how it could
best be initiated, guided, rounded off, etc. It was of course clear to the teacher that giving
the pupils control over their learning process does not imply his withdrawal, especially
not if the process is still to proceed orderly and structured. On the contrary, it requires
him to draw on a whole repertory of management techniques. So the teacher studied
which such techniques he had already spontaneously used (in the above I have given an
example), how they had worked out, where else they could be applied, and he explicitly
thought of other techniques. As it was part of his way of keeping order, for instance, to be
very much present and in particular to be speaking quite a lot, we thought of a way to
combine this with not taking over with respect to content, e.g.: when pupils were carrying
out an experiment he could physically withdraw, but verbally be very present as a kind of
commentator.
   As my evaluation of the first version, via ever more concrete suggestions for structural
improvements, gradually transformed into the construction of the second version, so the
teacher's second step gradually transformed into writing his own guide for the second
version, i.e., into a detailed specification of the instructional techniques and his role in the
activities that were planned in the second version. This guide was indeed very much
geared to the teacher himself, and contained all sorts of reminders that especially
concerned him, e.g.: do not yet go into it; aim at mutual agreement; do not take over!; try
to involve especially the 'lesser' pupils in the discussion; do not run ahead of things; take
stock of all suggestions and solutions. Writing his guide was at the same time the teach-
er's preparation for the try-out of the second version.
10.4.3Try-out and evaluation of the second version
At the start of the try-out of the second version of the didactical structure, both the
teacher and I had quite some confidence in it, i.e., we both expected that it would come
out as 'good enough.' Both of us also expected that the teacher had made himself so
familiar with the essence and details of it and had so well prepared his role in it, that he
could carry it out as intended. In chapter 9 I have already tried to show that both
expectations came true, although some structural as well as procedural modifications
were still necessary (see e.g. section 9.4.1). I also refer to chapter 9 for a description of
the cooperation between the teacher and me during the try-out and evaluation of the
second version.
   After the evaluation, the teacher has written a draft teacher guide that is no longer
meant to be especially geared to him. It can be characterized as a shortened and more
easily readable merger of (parts of) chapters 8 and 9 of this thesis, i.e., a justification of
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the main tasks, augmented by pupils' reactions to them and some practical clues for
teachers. Out of this draft teacher guide I now quote some fragments of the closing
section in which the teacher himself gives a general evaluation of the material.
Once I described the material as 'the engine,' the 'fuel' for which is represented by
pupils' contributions. Now that I've worked for several years with this material, I've
discovered that this metaphor is not that badly chosen at all. The pupils indeed keep the
engine going by their contributions, their enthusiasm, their ideas and especially also by
their questions. And even to the extent that the engine always got that well run in that
almost as a matter of course it made its way through the topic of radioactivity. [...]
Apart from that all, I in fairness have to tell that teaching in this way, with 'holding
back' and 'listening,' does require quite an effort. After these lessons I generally was
more tired than after lessons taught in my old way. The question then presents itself
whether that additional effort balances the achieved result. I do give this question a
cautious 'yes,' though. The design of the material (its structure, emphases and basic
assumptions) has more appeal to me than the traditional treatment of the topic of
radioactivity. Furthermore it is my experience that practically throughout the series of
lessons the pupils enthusiastically continue to take part. In evaluations of the unit the
pupils themselves too indicate that they have experienced 'learning from each other' and
'having come to solutions oneself' as positive [cf section 9.6, KK]. [...]
I have confidence in the strategy described in this guide. You too will have to get
confidence in it. All I can say is that in my series of lessons on the basis of this material
[...], the necessary fuel for the engine has always been sufficiently supplied by the
pupils. To put it differently: I've never been afraid that we would come to run dry; we've
never even driven on the reserve tank.
10.5 Some general remarks on the role of a teacher
In this section I try to go beyond the educational experiment that this thesis reports on,
i.e., beyond this particular teacher that has worked with this particular material in this
particular research. In doing so I also go beyond a firm ground of experiences to base my
opinions on and, to some extent, beyond my competence. So this section is of a
speculative nature and should accordingly be read as a representation of some of my
personal ideas. Let me begin with going beyond this particular topic. This is what the
teacher has to say about it (in his draft teacher guide).
My most important finding, though, is that you will not be able to work with this
material if you haven't at least come to believe in its basic assumptions, e.g., confidence
in the importance of 'postponing questions' and 'holding back' of you as teacher. Are
these basic assumptions and strategy also applicable to other topics from the physics
curriculum? I do think so: postponing questions will be going to function as something
normal for the pupils. Especially if more often they notice that the answers are found
(and often by themselves) as a matter of course. [...] Thinking of experiments oneself
and drawing conclusions from those is, according to me, also of use for more topics.
Does all this mean that in your physics classes you will tomorrow be able to begin with
'holding back,' postponing questions, letting pupils themselves think of experiments,
carry those out and note down conclusions? The answer to this question is a very
distinct: no! Material that makes possible such an approach for other topics simply isn't
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available. But if such material is to come, and it isn't up to me to take care of that, I will
surely use it.
Like the teacher, I believe that the basic assumptions and strategy are applicable to other
topics as well. In fact, in chapter 6 I have already quite generally presented a global
outline of a didactical structure. I also think that the teacher will be able to work with
material that, for some other topic, makes possible a similar approach, i.e., with a 'good
enough' didactical structure of some other topic. I also think that it would not take him
that much preparation time as his learning to work with the didactical structure of the
topic of radioactivity has taken him. After all, he does already believe in the basic
assumptions and strategy, so his preparation would simply be a matter of finding out how
the basic assumptions have been detailed and how the strategy could be detailed for the
case at hand. In all this, he would of course draw on his experience with (working with)
the didactical structure of the topic of radioactivity. I also think that the teacher himself
would not be able to construct, for some other topic, material that makes a similar
approach possible. This, of course, is no disgrace. I myself, for instance, think that I am
able to construct didactical structures for other topics, and that those (re)constructions
will much quicker converge to 'good enough' didactical structures than has been the case
for the topic of radioactivity, but I do not think of myself as good enough a teacher to be
able to work with such didactical structures without any further training. But, as I have
already noted, all this is speculation.
Let me speculate a bit further and ask whether other teachers than the one who
participated in my research are able to work with the 'good enough' didactical structure of
the topic of radioactivity (or some other 'good enough' didactical structure), and what it
takes to make them able to do so. One thing that it takes, as the teacher who participated
has repeatedly emphasized, is confidence in its basic assumptions and strategy on the one
hand, and in the pupils on the other. In order that other teachers gain such confidence, I
do not think it is necessary that they go through the whole process that the teacher who
participated has gone through (and that has been the main topic of this chapter). Neither
do I think that it will be necessary that they study the theoretical background, i.e.,
something like chapter 4 of this thesis. What I think might be useful is that they actually
have
 lessons that are based on the 'good enough' didactical structure at hand and that they
watch videos of (fragments of) lessons in an actual classroom. As a pupil and an observer
they will thus, as it were in play, get acquainted with why and how the didactical struc-
ture is as it is. What they will have to gain confidence from, I guess, is that they see it
working, that they also are impressed by the fact that "[t]he pupils indeed keep the engine
going by their contributions, their enthusiasm, their ideas and especially also by their
questions." I do not know whether this kind of in-service training will work. We have not
(yet) got any experience with it. The teacher and I have run a couple of workshops at a
teacher conference, however, in which we, be it in a time span of just one and a half
hours, tried to do the sort of things just mentioned. And the fact that most teachers
present at our workshops were quite enthusiastic about it, is an argument in favour of
attempting an in-service training along the sketched lines.
However, having gained confidence in its basic assumptions and strategy is one thing,
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being able to work with a 'good enough' didactical structure quite another. It requires, for
instance, that one can rather flexibly draw on a quite extensive repertory of management
techniques. In the terms of Brekelmans (cf section 10.2), I would without any
reservations advise only teachers with an 'authoritative' or 'tolerant and authoritative'
communication style to work with a 'good enough' didactical structure. They seem to be
the best teachers anyhow, no matter what instructional methods they use. Whether, and
how, someone (e.g. a student teacher) can acquire the sort of desired management
techniques or communication style is beyond my competence. I do think, however, that
such an acquisition will involve the abandonment of some of the common ways in which
(student) teachers (learn to) structure lessons, often as a means to keep order. This was
once more brought to my attention by Marjolein Vollebregt, a PhD-student who,
concerning her first attempts to write a didactical structure (for the introduction of
particles, see e.g. 1994), had written in the diary she keeps: "I still don't succeed in
writing a scenario that starts from the pupils. Too strongly I hold on to the activities and
aims with respect to content in order to maintain with those the common control of the
teacher."15) In a verbal explanation she said that as a student teacher she had learned to
structure her lessons as follows: set your goals, i.e., what pupils should be able to do at
the end of the lesson; think of activities that are needed to achieve that; think of ways to
control that the activities are indeed carried out as desired. So she had learned to think
about the appropriateness of activities from the point of view of the teacher's aims and
not from the point of view of pupils' motives. And she had learned to keep a tight control
with respect to content, especially as a means to keep order, i.e., as a means to survive in
the classroom. Now, of course, I also want student teachers to survive, but I wonder
whether for that purpose it is necessary that they learn to structure their lessons and to
keep order as indicated above. Are there no other ways that are still within the reach of
student teachers? It seems to me that such questions concerning the interconnection
between the methodological and the interpersonal aspects of teacher behaviour deserve a
thorough investigation.
10 The teacher's role
10.1 Introduction
                                         
5. Quoted with approval.
In the preceding I have repeatedly pointed at (the importance of) the role of the teacher.
In chapter 8 I have noted that the teacher's role in working with a didactical structure as
the one outlined there is different from the teacher's role in more traditional approaches.
For example, giving pupils more control over, and thus more responsibility for, their
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progress with respect to content implies a shift in the teacher's control and responsibility:
a shift towards procedural control and responsibility for managing the process. In section
7.4.3 I have noted that it also involves a shift from wanting to make pupils say and do
particular things (with the associated danger of 'hearing and seeing much more' in what
the pupils say and do), towards the teacher's being more prepared to find out what the
pupils actually do say, believe, want, etc and to (re)determine his or her goals on the basis
of what they actually say, believe, want, etc. In section 7.3 I have noted that even if a di-
dactical structure as such can be judged as 'good enough,' which is the maximum
attainable, it still needs the creativity of a good teacher for it to lead to successful educa-
tion.
   In section 7.3 I have also noted that at least the evaluation of a didactical structure
should take place in cooperation with the teacher that has worked with it. In section 9.2.1
I have mentioned that I cooperated quite closely and intensively with one teacher. He not
only worked with the second version of the didactical structure outlined in chapter 8, but
had also worked with the first version, and was involved in the construction and evalu-
ation of both versions. By this cooperation it was tried to secure as well as possible that
the teacher had made himself so familiar with the essence of the didactical structure and
his role in it that he would not deviate essentially from it.
   In this chapter I somewhat elaborate the above themes. But I now first briefly report on
some experiences during the first year of my research, which have made me realize that a
cooperation with a teacher should be very carefully set up and that it should be set up
with a teacher that has good managing qualities.
In the first year of my research I observed two series of lessons in middle ability classes
that used the unit Radiation, you cannot evade it... (Knoester & Lancel, 1988; cf section
3.3 for some findings of the observations). One of these series was taught by a teacher
that possibly was to further participate in my research, and the main aim of my
observation of the series of lessons taught by her was to find out whether there was a
basis for further cooperation. Before the series of lessons I told her my at that time still
very vague ideas about the aim and nature of my research: I wanted the pupils to
meaningfully learn about the topic of radioactivity, and for that purpose one should
somehow start from pupils' existing knowledge; I later was going to write a series of
lessons on the topic myself, and to get some ideas for that I would like her to try out some
additional activities while teaching the unit Radiation, you cannot evade it.... The teacher
then indicated that she was somewhat sceptical about my aim. Her scepticism did not so
much consist in a denial that pupils have ideas of their own, but rather in her experience
that the gap between their own ideas and those of physics was rather large and hard to
bridge. In fact, she indicated that in her worst moments she sometimes sighed that all that
can be achieved is that pupils learn to solve standard exercises for examinations.
Nevertheless, she said that she herself constantly tried to bridge the gap and so she was
quite prepared to participate and to try my proposals. In fact, she already saw the unit
Radiation, you cannot evade it..., of which she was one of the authors, as making a
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serious attempt to bridge the gap.16)
During the series of lessons her scepticism was not noticeable at all (at least not by me).
She was enthusiastic, put quite a lot of time in it, tried to carry out my proposals for
additional activities as well as possible, and regularly indicated to enjoy it all. I too was
satisfied about the series of lessons in the sense that I was confirmed in my suspicion that
the structure of the unit I was going to write myself had to be quite different from the
structure of the unit Radiation, you cannot evade it.... Moreover, from how the tried out
additional activities worked out I got some ideas about activities that might be useful for
the unit I myself was going to write.17) There was also a source of trouble, however,
relating to the teacher's order-keeping abilities. The situation in her classroom could most
of the time best be described as a 'non-aggressive disorder' (cf Créton & Wubbels, 1984).
She did not show much leadership, and quite often the lessons were poorly structured.
She generally tolerated quite some disorder, and the pupils very often were not task-
oriented. Although she was quite concerned about the class and willing to explain things
over and over to pupils who had not been listening, the whole situation was usually so un-
structured that only the pupils in her direct neighbourhood were attentive, while the
others would do other things such as talk with each other or make some homework. They
were not provocative, however, i.e., their other activities were not directed against her,
and she usually ignored them while talking loudly to the pupils near her. Her few efforts
to also involve the other pupils were usually delivered without emphasis and mostly had
little or just a short-term effect. Though most of the pupils seemed to like her and she
certainly liked most of the pupils and took a great deal of interest in them, the interaction
between her and the pupils very often resulted in a non-productive equilibrium in which
all of them sort of seemed to go their own way. The teacher's limitations especially came
forward during the additional activities, most of which were of the 'class discussion'-type.
For even though the teacher really attempted to involve all pupils, she mostly did not
succeed. The result was that the discussion was also hard to follow for the few pupils that
were attentive, because of the many times that it was interrupted by the teacher's (vain)
attempts to call the other pupils to order. The teacher was well aware of all this, and
although she herself also did not find her teaching style particularly good, she also main-
tained that, at least for the time being, it reflected her best way of surviving in the class-
room. So if there was to be a further cooperation with this teacher, it would have to be
accompanied by an in-service training in managing order problems.
However, and at the time quite unexpectedly for me, the teacher herself decided that
there was not going to be a further cooperation. The results of the test that followed the
series of lessons had reawoken her old scepticism. The test consisted for about two-third
of rather standard tasks (about half-life, the different penetrating power of the different
kinds of radiation, the number of protons neutrons and electrons that a given isotope
consists of, etc, i.e., exercises of the type that could come up in the examination), and for
                                         
1. Because the unit is based on micro-level explanations (cf section 3.2), I myself could not see it that way.
2. Some of the tried out additional activities are indeed precursors of activities that figure in the first and/or
second version of the didactical structure.
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about one-third of tasks that demanded some insight (in e.g. the point of distinguishing
between contamination and irradiation). It turned out that generally the pupils answered
the standard tasks sufficiently well, though not overwhelmingly so, but the insight-tasks
rather poorly. I did not make much of those test results, or at any rate I found them quite
understandable. For, as I have already noted, the additional activities, which explicitly
aimed at insight, went past most pupils. Furthermore, the additional activities were not
backed up by worksheets and also did not fit nicely into the unit Radiation, you cannot
evade it.... For me, all this meant that adding just a few activities was not sufficient.
Although some of them might be useful, they had to integrated in a structure that was
quite different from the structure of the unit Radiation, you cannot evade it..., and had to
backed up by written material that would serve as a hold for pupils. In short, I would have
to write my own series of lessens and that was precisely what I was going to do. For the
teacher, however, the results of the tests confirmed her earlier scepticism. Below I give
some fragments of her verbal explanation of her decision to quit.
If I look at the enormous amount of time I have spent on it and that the part that does
later come up for examination, that already that part is not really right, and that this [the
part relating to insight, KK] apparently also has not got across, then I say... well, this is
wrong, this is a waste of my time, period.
These pupils [middle ability pupils, KK] have been taught tricks and memory aids from
primary school on, otherwise they do not make it through that school. And then you
cannot in six weeks all at once aim at insight... and forget that there is something like an
examination waiting for them that they will have to do. So I think that in this context it
is indeed unfeasible [to aim at insight, KK].
I have followed your road all along, and if I now look at what it has yielded then I
think... well, if I had done it my way it would have taken me, a, less time and the test
would have been made better. [...] Not the second part [the insight-tasks, KK], the
multiple choice [the standard tasks, KK]. Then I would have shifted the emphasis. And
then I think, simply from the point of view of my pupils, that is what they have to know.
And then I will do my best to also bring in those other things, but already beforehand I
accept that that will largely be a wasted effort. I told you so at the beginning: you can
try it, but I don't think that it will work. And then I am working on it and then I am
really enthusiastic and then... and I did terribly enjoy doing it, I would like to always
work like this, but... well, I just notice that it has had little or no effect up to now.
I think we have done all that we could have done in this context [she later specifies this
to: with these pupils, in these times, with this previous education; KK]. I would not
know what else you should have done.
Whereas for me the whole thing still had to begin, for the teacher it was all over; whereas
I thought the time was ripe to lay my own road, she thought she had already followed my
road all along, and with little or no effect.
In order to find a new teacher some heads of physics were approached with the question
whether they knew a good and experienced teacher that might be willing to participate in
an educational experiment. In this process the teacher that I worked with for the rest of
my research came forward. In section 10.2, this teacher is characterized. In order to
carefully prepare a productive working relation, the teacher and I took quite some time to
get acquainted. In section 10.3, I report on this preparatory period. In section 10.4, I go
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into some aspects of our cooperation during the (re)construction of the didactical
structure. In section 10.5, finally, I try to go beyond this one teacher and more generally
address the question what it means for a teacher to work with a didactical structure that is
'good enough.'
10.2  Characterization of the teacher
The teacher I worked with was born in 1945. He graduated from a college of education in
1967, but only taught for about two months at a primary school. By means of some
refresher courses he in 1969 acquired a qualification to teach physics and chemistry at the
LBO and MAVO types of education and at the first three years of the HAVO and VWO
types of education (cf section 9.2.1). From 1969 to 1984 he taught physics and chemistry
at a school which consisted only of a MAVO-stream. In 1984 this school merged with
another school to form a school for MAVO, HAVO and VWO. It is at this school that up
to this day he has taught physics and chemistry at the levels he is qualified for. It is thus
also the school at which he has worked with the various versions of the didactical
structure. The above may suffice to illustrate that he is a very experienced teacher.
The head of physics that recommended him also assured us that he is a good teacher, i.e.,
a teacher of whom pupils say that he is a good teacher. I also got this impression by
observing some of his lessons in the preparatory period (cf section 10.3). There was a
pleasant and productive working atmosphere in his lessons, there were hardly any order
problems and if some cropped up the teacher usually managed to immediately and
effectively deal with them. I would have characterized him as 'strict, but nice' or 'nice,
but strict.' In order to somewhat further substantiate these claims, the so called
Questionnaire on Teacher Interaction (QTI) was administered to the teacher and several
of his classes. The QTI, which was developed in the early eighties by Créton & Wubbels
(1984), is an instrument to characterize the affective climate of the learning environment,
as perceived by the participants (pupils and teacher). If we roughly discern two aspects of
teacher behaviour, a methodological one that relates to content presentation and
instructional methods and an interpersonal one that has to do with the teacher's
interpersonal actions that create and maintain a positive classroom atmosphere, the QTI
can be said to capture the latter aspect of teacher behaviour. By discerning these two
aspects I do not mean to deny, of course, that they are interconnected. Wubbels & Levy
(1993b) note in this respect that "[i]f the quality of the classroom environment does not
meet certain basic conditions the methodological aspect loses its significance." In fact,
concerning the teacher whose lessons I observed during the first year of my research I
have made a similar remark (cf section 10.1).
The QTI leads to a characterization of interpersonal teacher behaviour in terms of eight
different types of interpersonal behaviour, which can be represented in a two-dimensional
plane (cf figure 10.1).
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Figure 10.1  The model for interpersonal teacher behaviour. (Figure 2.2 in Wubbels & Levy,
1993a.)
The two dimensions of the plane have been labelled 'proximity' and 'influence.' The
'proximity-dimension' indicates the teacher's degree of cooperation with or closeness to
pupils, on a scale between Opposition (O) and Cooperation (C). The 'influence-
dimension' indicates the extent to which the teacher directs or controls the interaction
with pupils, on a scale between Submission (S) and Dominance (D). In figure 10.1 the
eight different types of behaviour are represented by the eight sectors DC, CD, etc,
"according to their position in the coordinate system (much like the directions on a com-
pass). For example, the two sectors DC and CD are both characterized by Dominance and
Cooperation. In the DC sector, however, the Dominance aspect prevails over the
Cooperation aspect" (Wubbels, Créton, Levy & Hooymayers, 1993). In figure 10.1, each
of the eight sectors is also characterized in words, both briefly (DC by 'leadership,' CD by
'helping friendly,' etc) and somewhat more elaborately in terms of characteristic teacher
behaviour.
   The questionnaire itself, the QTI, of which there is a Dutch and an American version,
"is divided into eight scales which conform to the eight sectors of the model. In the Dutch
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version each sector scale consists of about ten items (seventy-seven in total) which are
answered on a five-point Likert scale. The American version has sixty-four items and a
similar response scale" (ibid). For a discussion of the reliability and validity of the QTI, I
refer to Brekelmans et al (1990).
Figure 10.2 Average teachers' perceptions of ideal teacher behaviour and average students'
perceptions of best and worst teachers in the United States. (Figure 3.7 in Wubbels &
Levy, 1993a.)
"Each completed questionnaire yields a set of eight scale scores which are then combined
into a profile ... Scale scores equal the sum of all item scores and are reported in a range
between zero and one. A scale score of 'one' indicates that all behaviours in a scale are
always (or very much) displayed. A 'zero' is the opposite: the absence of scale
behaviours. The profile represents the teacher's communication style as perceived by the
teacher or his or her students. It is usually depicted in a graph with scale scores
represented by shading in each sector" (Wubbels, Créton, Levy & Hooymayers, 1993).
Figure 10.2 contains three examples of such graphically represented profiles. They derive
from three different types of data. "Students in The Netherlands, the United States and
Australia were asked to rate their best teachers on the QTI. Also, teachers in the three
countries provided self-perceptions about their ideal behaviour. Finally, a smaller group
of Dutch students completed the QTI for a teacher they thought of as their worst. Figure
[10.2] shows the average scores for these three groups in the United States. The results
are similar for the other countries" (Levy et al, 1993). Figure 10.3 may be another profile
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of interest. It "shows the average of 463 students' perceptions for a random sample of 118
Dutch teachers." (ibid). So in a sense it represents the communication style of the mean
Dutch teacher, as perceived by students.
Figure 10.3 Average students' perceptions of random sample of Dutch teachers. (Figure 3.2 in
Wubbels & Levy, 1993a.)
By using a variety of clustering procedures and similarity measures, Brekelmans (1989)
has established a reliable and stable typology of eight types of communication style, such
that each profile out of a large number of profiles of Dutch, American and Australian
teachers belongs to one of these eight types. By combining QTI data with descriptive data
of classroom atmosphere, Brekelmans has also given a description of each of the eight
communication styles in terms of teacher/student behaviours and learning environment
characteristics. Brekelmans et al (1993) contains, for each of the eight communication
styles, both the mean profile corresponding to it and its description in terms of learning
environment characteristics.
I hope the above gives sufficient information on the QTI. As I have already noted, the
QTI has also been administered to the teacher and to several of his classes that worked
with a version of the didactical structure.
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Figure 10.4 The teacher's perception of ideal teacher behaviour (a); the teacher's perception of his
interpersonal behaviour in one of his classes (b); that class' perception of the teacher's
interpersonal behaviour (c).
The profile in figure 10.4a is the result of the teacher's completion of the QTI in terms of
his ideal behaviour; figure 10.4b is the resulting profile of the teacher's completion of the
QTI for his behaviour in one particular class (in fact, one of the classes in which the first
version of the didactical structure was tried); figure 10.4c represents the teacher's
communication style as perceived by the pupils in that particular class (it corresponds to
the class means of their completion of the QTI). The profiles corresponding to the
teacher's perception and the pupils' perception of the teacher's communication style in
other classes are similar to figures 10.4b and 10.4c respectively. In fact, in terms of
Brekelmans' typology all those profiles are of the type that she has labelled 'Authorita-
tive.' In Brekelmans et al (1993) it is characterized as follows.
The Authoritative atmosphere is well-structured, pleasant and task-oriented. Rules and
procedures are clear and students don't need reminders. They are attentive, and
generally produce better work than their peers in the Directive [another category in the
typology, KK] teacher's classes. The Authoritative teacher is enthusiastic and open to
students' needs. He or she takes a personal interest in them, and this comes through in
the lessons. While his or her favourite method is the lecture, the Authoritative teacher
frequently uses other techniques. The lessons are well planned and logically structured.
He or she is considered to be a good teacher by students.
The teacher's ideal communication style (i.e. the one that corresponds to the profile of
figure 10.4a) is of the type that Brekelmans has labelled 'Tolerant and Authoritative.'18) In
Brekelmans et al (1993) it is characterized as follows.
Tolerant/Authoritative teachers maintain a structure which supports student responsibil-
ity and freedom. They use a variety of methods, to which students respond well. They
frequently organize their lessons around small group work. While the class environment
resembles Type 2 [the above 'Authoritative' type, KK], the Tolerant/Authoritative
teacher develops closer relationships with students. They enjoy the class and are highly
involved in most lessons. Both students and teacher can occasionally be seen laughing,
and there is very little need to enforce the rules. The teacher ignores minor disruptions,
choosing instead to concentrate on the lesson. Students work to reach their own and the
teacher's instructional goals with little or no complaints.
Hereby I hope to have sufficiently characterized the interpersonal aspect of the teacher's
classroom behaviour. Let me close this section by noting that the quality of the classroom
environment that he manages to create is such that the methodological aspect, on which
my research mainly focuses, could indeed be given full consideration. In devising the
                                         
3. I want to thank Rob Houwen for the analyses of the QTI data: for producing the profiles like those in figure
10.4, and for determining the type of communication style to which each of them belongs.
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didactical structure we have been in the luxurious position that whatever technique or
instructional method we proposed (be it group work, class discussion, experimental work,
or complex combinations of these), we could always count on the teacher's ability to
satisfactorily handle them.
10.3 A preparatory period
Before the teacher and I decided to cooperate on an educational experiment, we had an
exploratory talk in which I told something about my ideas concerning the experiment and
the teacher about his attitude towards it. I told him that I wanted pupils to meaningfully
learn about the topic of radioactivity, that recent research had shown that this aim was
very often not reached (not just for the topic of radioactivity, but for almost any topic),
and that part of this failure might be due to the fact that most approaches do not start
from where pupils are. It almost seems as though for pupils the scientific knowledge they
'learn' is something alien that only has application in the science classroom. I also told
him about the cause of our having this exploratory talk: another teacher's decision to quit,
and why that other teacher had decided so (cf section 10.1). Of course, I would like to
prevent a repetition of that situation. In order to do so I told him I had first of all planned
a quite extensive period to carefully prepare a productive working relation. So taking an
active part in this preparatory period would be one thing I expected him to do, if he
decided to cooperate. Other things would be that he helped in writing new teaching
materials (in the first instance in a commenting role), worked with these new materials
(while the relevant lessons were being videotaped), etc. What he would get in return were
two non-teaching periods and a piece of in-service training that, hopefully, was going to
be useful for him.
   Of course I also wanted to know how he felt about the aim of my research, however
vague it was. In particular I wanted to know, in the context of preventing a repetition of
the situation with the previous teacher, whether or not he shared her sceptical attitude.
The teacher said to recognize that knowledge does not always function, in the sense that
pupils cannot apply it. He told that he thinks that is a problem: it frustrates. So he
suspected that he somehow worked on that problem, although it was not a conscious
element of his teaching practice. At any rate, from what I had told him he said to have
gathered that participating in my research would give him the opportunity to explicitly
think and learn about an attempt to tackle that problem, and he certainly did not already
beforehand consider such an attempt to be a lost cause. In fact, he said to see no reason
why insight would be impossible for middle ability pupils. Finally, the teacher said to
hope that by participating in my research he could learn something that might also be of
use for other topics than the topic of radioactivity. From this I gathered that at least he
had a non-negative attitude towards (the aim of) my research.
On the basis of this exploratory talk the teacher and I decided to cooperate. In this section
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I report on the first stage of our cooperation: the preparatory period. In section 10.3.1, I
sketch the aims, procedure and outline of this preparatory period; in section 10.3.2, I
sketch the way it developed and mention some of its main outcomes.
10.3.1Aims, procedure and outline
The main aim of the preparatory period was to prepare a productive future working
relation with respect to writing, trying, etc new teaching materials. In a process in which
he came to familiarize himself with (the aim of) my research and I came to familiarize
myself with his way of teaching we would have to develop a common way of talking
about teaching and learning in general, and about teaching and learning the topic of
radioactivity in particular.
The preparatory period took place during the fall of 1989. In that period I visited about
one lesson per week, mostly in one of the classes in which later in the school year the first
version of the didactical structure was going to be tried. Furthermore, the teacher and I
had eleven meetings of about two hours each. The teacher's preparation of a meeting
consisted in his doing some homework (of about two hours per meeting). Mostly the
homework tasks were given by me, e.g.: study the similarities and dissimilarities between
two units on the topic of radioactivity; study some transcripts of interviews with pupils
about molecules or radioactivity and relate these to your own teaching about those topics;
study some transcripts of fragments of lessons on the atomic model (what are pupils'
difficulties and do you recognize these difficulties from your own experience?); study a
description of pupils' existing knowledge about radioactivity (along the lines of section
2.5 of this thesis) and comment on it. Occasionally the teacher also set his own home-
work task, e.g.: carry out a small scale questionnaire study in one class at his school and
analyze the results. My preparation usually took me about one working day. It consisted
of things like: selecting useful homework tasks for the teacher; anticipating his reactions
to it and thinking of ways to build on that in order to clarify some of my ideas about
teaching and learning (the topic of radioactivity); studying the conversation we had
during a previous meeting (the meetings were recorded on audiotape), and making a
reflective report of it in order to identify themes that deserved a further treatment in later
meetings; thinking of ways to integrate what I had noticed during visits of lessons in our
meetings.
   Some of the themes that came up during the meetings were: the aim of the preparatory
period and an outline of it; the tendency to base units on the topic of radioactivity on
particle models (cf section 3.2); the way such 'models' are often understood by pupils and
its consequences for their learning about radioactivity (cf section 3.3); parallels between
the teacher's and my learning process during the meetings on the one hand, and pupils'
learning on the other; the teacher's role with respect to content: holding back versus
steering; the knowledge that seems to be required for an adequate understanding of (the
possible dangers of) daily life situations having to do with radioactivity; the usefulness of
the meetings.
   The teacher's homework for the final meeting of the preparatory period was to write a
review of it: on what he had learned from it, on whether through it he felt prepared for a
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further cooperation, etc. In the final meeting we discussed his review. The totality of my
reflective reports of each meeting can be seen as my review of the preparatory period.
Section 10.3.2 is based on it.
10.3.2Development and outcomes
At the beginning of the preparatory period I had some ideas about themes that I wanted to
bring up for discussion (cf the previous section), but I did not really have much ideas
about how to structure each of the meetings, about a suitable order in the themes I wanted
to bring up for discussion, about useful homework tasks for the teacher, etc. In fact, the
latter ideas gradually developed during the meetings and also as a result of my making
reflective reports of each of the meetings. Below I sketch and exemplify these
developments, the use of my regular visits to lessons given by the teacher, and some of
the main things the teacher and I have learned from the meetings.
The structure that the meetings gradually assumed
After a while the structure of the meetings between the teacher and me was based on our
awareness that we approached educational matters differently and with different
experiences, and took the form of trying to make explicit each other's approach and
experiences while discussing concrete material (transcripts of lessons and interviews with
pupils, results of questionnaires, textbooks, things that happened in a lesson I visited, etc).
Below I exemplify how an analysis of the earlier meetings gave rise to this structure and
how this structure was made explicit.
The first meeting was a brief one and concerned the procedural aspects of future meetings
(how often, how long, how much preparation, etc). The second meeting was the first one
in which we discussed issues. The theme I wanted to bring up then was the obviousness
of the tendency to base a unit on the topic of radioactivity on particle models. In order to
first of all make clear this tendency, I selected two such units (the unit in the textbook the
teacher normally used and the unit Radiation, you cannot evade it...), which, although
they are quite different with respect to e.g. content presentation, essentially have the same
structure. So the homework task I gave to the teacher was to study those two units and
capture the main lines of the way each of them is build up. I expected that thus he would
also find that the two units are essentially the same and, in particular, both begin with the
presentation of a nuclear 'model.' (This would then allow me to ask whether it is obvious
to begin in that way.) More or less for the sake of completeness I added to the homework
assignment the question what the differences between the units are. It turned out that the
teacher had indeed noticed the similarity in structure, which he framed as 'what atoms
are; what radiation is; how radiation emerges; what the effects of radiation are,' but that
he was most struck by the differences between the two units. He found the unit Radiation,
you cannot evade it...
 much more pupil-friendly, especially for middle ability pupils:
better geared to them and more surveyable for them. For it consists of relatively short and
easily readable pieces of information, each of which is followed by some questions that
directly refer to it, it contains regular and short summaries, etc. The other unit, in
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contrast, contains many long stretches of text with too high a level of difficulty, which, as
was the teacher's experience, a middle ability pupil simply cannot get through.
Our different approach can in this case be characterized as our laying a different
emphasis. Although I noticed the difference in content presentation (and had, in fact,
selected the two units because of this difference), I emphasized the similarity with respect
to structure. And although the teacher noticed this similarity, he emphasized the
difference in content presentation. The teacher's emphasis can be said to reflect his
practical and pragmatic approach, with an immediate link to his everyday teaching
experience. One of the first things he asked me when discussing the two units was: what
do you have in mind, something like this unit or something like that one? My own
emphasis can be said to reflect my more theoretical approach, which is also related to
existing teaching practice but more in the sense of looking at it from some distance and
bringing it up for discussion -in this case, the obviousness of the existing tendency to base
a unit on the topic of radioactivity on particle models.
What enabled the teacher to also bring in his points was the part of the homework
assignment that asked for dissimilarities between the two units. I have already mentioned
that at the time I more or less accidentally included that question in the homework
assignment, or had at any rate not included it in order to allow the teacher to bring
forward his points. If only for the reason that in a period of getting acquainted the teacher
should also be given the opportunity to bring forward his own points, for future meetings
I very consciously tried to devise such homework tasks, that the teacher, with his more
pragmatic approach, and I, with my more theoretical approach, could each bring forward
our own points, thus make explicit each other's approach and experiences, and thus also
learn from each other. Indeed, it was not just out of politeness that the teacher was given
the opportunity to bring forward his own points, and the fact that in the meetings I
naturally had to take the initiative did not imply that only the teacher was supposed to
learn something. I also learned from the teacher. The teacher's comparison of the two
units, for instance, made me realize that in the later writing of new teaching materials I
would have to seriously deviate from my normal writing style. Instead I would have to
write relatively short and simply constructed sentences that would have to be organized in
a whole that is easily surveyable for middle ability pupils. At least in that respect, so I
learned from the teacher, I should take the unit Radiation, you cannot evade it... as an
example.
In later meetings I also tried to make this structure of our meetings explicit: by
illustrating it at examples like the one above; by explicitly telling one another what each
learned from the other and how that relates to the other's approach; by drawing parallels
between our learning from each other and pupils' learning from their teacher (or teacher's
learning from his or her pupils). In the fifth meeting, in which among other things we
looked back on the previous meetings, the teacher also recognized the structure that the
meetings had assumed:
I do also sense it like that. That we are feeling out, catching up from each other. I hear
new things, you learn new things. Obviously you take the initiative. Well, that's how I
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see it: you are... I'm here for you. I think you have to take the initiative. I think I get all
room. If I dwell on something, then there simply is time for that, then we simply keep
on talking about that subject. I... up to now... I actually think it's getting easier and
easier for me. The first time I thought: Jesus, it looks like an examination or it looks
like... I have the feeling that I'm being interrogated about what I do and do not know.
And now I don't have that at all. We're simply feeling out: how do we think about some
things?
Later on the teacher told me that his initial feeling also derived from his not feeling very
safe at the time. He, the dumb teacher, had to go to a place where he did not really
belong: The University.
Of course the teacher and I gradually grew closer to each other. When in later meetings
we e.g. discussed some transcripts of lessons, the teacher would bring forward points that
I also found relevant, and for very much the same reasons. The main difference between
us then was that I usually brought forward more similar such points, which the teacher,
after I brought them forward, mostly also recognized as similar. At first this difference in
quantity gave the teacher the impression that he had not done his homework well enough
and, in fact, made him feel sort of guilty. Of course, I then told him that there was no
need for such impressions and feelings. On the contrary, the fact that he focused on very
much the same points as I did was evidence for the fact that our approaches converged
with respect to some themes. The difference between us then no longer was a matter of
different approaches, but rather of different amounts of time spent on homework
assignments.
Shifts in theme: from content to didactics
There usually also was a shift in theme in each meeting, which at first again occurred
rather accidentally but, after I had noticed it in earlier meetings, was planned more
consciously in later meetings. I would characterize the shift as one from content to
didactics. Let me again try to illustrate this at the meeting in which the two units were
compared. The question concerning the similarity between the two units can be said to
deal with content, in the sense that its answer is that with respect to content the two units
are essentially the same. On the basis of that answer, which as already noted the teacher
had also given, our discussion gradually developed in a didactical direction in the sense
that the structure of the content presentation was related to teaching and learning. To my
question why the units begin with atomic models, the teacher's initial response was as
follows.
This book simply assumes that... I later have to tell about those isotopes with which
something special is up, so I first have to tell what isotopes are. [...] In order to teach the
concept 'isotope' they first have to know something about atomic models, otherwise you
can't explain it. But you think it can be done differently?
The teacher's argument is of course valid within the existing structure of the units. But it
was this structure that I wanted to bring up for discussion. I tried to do so by noting that
beginning with atomic models is like beginning on the most advanced level. Is it not
possible to already say something about radioactive phenomena without using particles,
without immediately going deeply into the theory behind them? This at least made the
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teacher understand that I wanted something that differed from the existing structure.
You don't want to begin with... straight to the smallest particle and everything is
connected to those smallest particles. You want to begin with... what does happen, how
could that be, search... arouse interest... and first spend some time on that before we go
more deeply into it, right?
I then tried to link up with his 'to arouse interest' in the sense of 'to induce a need for a
deeper explanation,' an explanation at any rate of something they already know at a phe-
nomenological level. The teacher put this in his own words as follows:
Would they be more inquisitive, that really is... more eager to learn about the particle
model if they are going to hear about it later? First, what is it and what do we notice of
it and effects, slowly settling in, and only then the explanations.
This 'to make pupils eager to learn about something,' which fitted into my developing
ideas about a problem-posing approach, is a didactical theme that often recurred in our
subsequent meetings.
Another more didactical theme that the teacher had picked up from this meeting is the
following: is one thing really needed as a preparation for something else? This turned out
when several meetings later he came back on his earlier statement that "in order to teach
the concept 'isotope' they first have to know something about atomic models, otherwise
you cannot explain it," and concluded that it is possible to talk about isotopes without
first having to talk about atomic models, which was in fact his first step in loosening
himself from the existing structure. His reasoning was that all that is really needed to
understand the concept of isotopes is the idea of slightly different things. He used the
example of a bag of a hundred white marbles, of which on closer observation it turns out
that one has a little crack and one a little black spot. By calling the three possibilities
(perfect white marble, marble with little crack, marble with little black spot) three
isotopes of white marbles, pupils could thus get the idea of what an isotope is without
having to know anything about atomic models. He went on by noting that also in a subse-
quent treatment of atomic isotopes, there really would be no need to talk about protons,
electrons or differing numbers of neutrons. All that needs to be said is that some atomic
isotopes are different in the sense that something special can happen to them. I then
elaborated on the theme the teacher brought forward, for I believed that he was very close
to noticing that it is possible to talk about 'the something special that can happen to them'
in other terms than changes in microscopic structure. I tried to do so by admitting his
conclusion that it is possible to talk about isotopes without having to talk about atomic
models, and by going one step further: is it also possible to talk about radioactivity
without having to talk about isotopes? The teacher thus came to the insight that it is
possible by simply calling something radioactive if a Geiger counter starts ticking in its
vicinity. I could then also inform the teacher that I had this possibility in mind as a means
to start up the series of lessons we were going to devise.
   The didactical theme brought up here by the teacher also came back in later meetings.
When later on we e.g. discussed the general constraints on the series of lessons we were
going to devise, it returned in the following form: an activity should be meaningfully
prepared by preceding ones and meaningfully prepare following ones.
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When thinking about a suitable order in the themes I wanted to bring up for discussion, I
also tried to make use of the idea 'making someone eager to learn about something.' That
is, I tried to arouse the teacher's interest in a new theme on the basis of previous themes.
In some cases I succeeded in this. The teacher for example understood why on the basis
of the meeting in which the two units were discussed, I gave him the homework
assignment to study some interviews in which pupils were prompted to give particle
explanations.
You want to get rid of that particle model in your new planning. [...]  We teach them
that all right, those particles and how all of that... but can they themselves handle that
too? For, of course, if you find out, they cannot handle that at all and haven't formed
any idea at all of.., then you will be on strong ground in saying we have to try it in a
different way.
When shifting to a didactical theme I often used such concrete examples from our own
meetings as a means to bring it up for discussion. If possible I would, for the same
purpose, also use concrete examples from the lessons I visited.
Apart from shifts from content to didactics within one meeting, in retrospect I notice a
similar shift in the course of the meetings as well. In later meetings we more often and
more directly discussed didactical themes, e.g.: pupils enter the classroom as empty
vessels versus pupils have a background and this background influences their
participation; explaining versus challenging pupils to find things out by themselves (as a
form of making them eager to learn about something); asking pupils questions versus
making pupils ask questions (as a form of making them eager to learn about something).
   In discussing such themes, the teacher was of course especially interested in the
consequences for his own role in the classroom. In fact, our discussion about his role was
one an ongoing one. It continued during the following construction, try-out,
reconstruction, etc of the didactical structure (cf section 10.4). In the preparatory period
we often talked about the teacher's role in relation to yet another didactical theme:
holding back versus steering. We tried to sort of take stock of the various ways in which
these terms might be given content, if possible by using concrete examples. Steering or
helping pupils, for instance, need not only consist in explaining. Pupils might e.g. also be
helped in their learning process by making them arrive at some problem that they
themselves come to see as worthwhile to work on. 'Holding back,' on the other hand, is
not meant as 'withdrawing' or 'laisser faire.' It might e.g. be given content in the form of
'getting into the skin of the pupils' and 'trying to learn along with the pupils.' Since the
preparatory period was also meant as a preparation for the coming construction of a series
of lessons, in the later meetings we more and more began to talk about that as well (as
part of our shift towards more didactical themes). In that context it was concluded that a
substantial steering role should also emanate from the design of the series of lessons. In
the construction of the series of lessons, we would have to think out such tasks and such
an order in tasks that we have al reason to expect that by working on them pupils are
steered in the direction of some goal (e.g.: their recognition of some problem). 'Holding
back' might in that context be given content as sort of opposite to 'seeking confirmation
of our expectations' or 'pursuing our goals at all cost.' Whereas the latter two attitudes do
not prepare the ground for a meaningful evaluation, holding back in the sense of trying to
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learn along with the pupils may bring to the fore both the need for adjustments
concerning (the order in) tasks, expectations and/or goals, and suggestions for plausible
such adjustments (cf section 7.4.3).
Use of visits to lessons
One aim of the preparatory period was to familiarize myself with the teacher's classroom
behaviour, i.e., in the terminology of section 10.2, both with his methodological and his
interpersonal teaching style. In this respect my regular visits to his lessons were of course
useful. They were also of use for our meetings, however, as I now try to illustrate. Let me
first of all repeat that in our meetings we mainly focused on the methodological aspect.
The interpersonal aspect of classroom behaviour, and in particular the teacher's interper-
sonal teaching style hardly came up in our talks. In the first place I did (and do) not feel
competent to discuss the latter aspect. Secondly, it seemed to me that in his case there
was hardly any reason to discuss it (cf section 10.2). So concerning this aspect I limited
myself to occasional remarks how well I thought he managed to create and maintain a
pleasant and productive working atmosphere.
Especially during our first meetings, I tried to bring forward some features of his
methodological teaching style that I had picked up from visiting his lessons. He e.g.
hardly ever gave a direct answer to pupils' questions, but instead tried to challenge them
to themselves find the answer, if necessary by giving some casual clues: 'I don't know,
but might it be that...' He would then some time later come back to see how they were
doing and, if necessary, help them yet another bit further. Out of examples such as these,
and the teacher's comments on them, eventually grew didactical themes such as:
explaining versus challenging pupils to find things out by themselves; asking pupils
questions versus making pupils ask questions; holding back versus steering.
   In the above I have already repeatedly mentioned this aspect of the use of my visits of
lessons, i.e., to have available concrete examples that both of us witnessed. Those
examples could then e.g. be used to make explicit each other's approach, to start a
discussion about further or similar experiences, to bring up or illustrate other didactical
themes, etc.
Another aspect of the use of my visits of lessons derives from the different approaches of
the teacher and me. One of my aims of our discussion of some interviews in which it was
tried to make pupils give particle explanations, for instance, was to explore why pupils
failed to do so, and this aim reflects my more theoretical emphasis. The teacher's more
practical and pragmatic approach, with an immediate link to his everyday teaching
practice, is e.g. reflected by the fact that following our discussion he wanted to find out
about his pupils' ability to give particle explanations. Moreover, and in this sense my
visits, and particularly the ones at the beginning of the preparatory period, provided a
stimulus for him to try things out in my presence, so that we could later talk about it.
Later on, however, he no longer needed my actual presence in order to try things out. It
was then rather his own enthusiasm that made him do it. Of course, he would then still
report about his experiences in a subsequent meeting.
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Some learning outcomes
In his review of the meetings, the teacher indicated what he had learned from them:
Well, one of the things that have most struck me is that much more than before I
wonder whether my way of teaching, treating the subject matter, observing and
evaluating pupils... is done in the right way. Less than before I rely the old routine in
which, as I have come to realize, I was somewhat getting stuck. So you could now
describe it as greasing the whole thing in order to counter the getting stuck.
Also during the meetings themselves he had already made similar remarks, e.g.:
...you are confronted with what you are really doing the whole day, and self-evidently
so.
So you see, not just here I am wondering... but also during my lessons I am... it already
is on my mind. Well, why am I doing this? I do not wonder whether I am doing it right,
really, but could I do it differently, does it make sense that I tell it to them, what do they
really pick up from it, what will they do with it?
So the teacher has experienced the meetings as useful, as refreshers of his teaching
practice in general. This may also be illustrated by the enthusiasm with which he tried
things out that were discussed in meetings.
More in particular, the teacher has also experienced the meetings as useful. Concerning
the themes relating to content, for instance, he indicated to have become sensitive to the
problems that pupils have with particles and to the question whether a treatment of the
topic of radioactivity should be based on particle models. He in fact admitted to have
been shocked by the poor understanding that pupils have of particle models. And his
pupils too, as he found out when in one of his classes he challenged the pupils to explain
why a roadway expands on a hot day and they came up with answers such as: the
molecules expand, the air between the molecules expands, or the intermolecular spaces
between the molecules expand. Here is one more example of the influence that in this
respect the meetings have had on his teaching practice:
Today, for instance. [...] Someone drops the word 'molecule.' Another one immediately
says: the smallest particle of a substance with all its properties. Never ever would I have
reacted to that. That is correct. Today we have talked about it for a quarter of an hour.
Have talked about it for a quarter of an hour! Would it really be like that? [...] I don't
know whether those pupils have gained anything from it. But at any rate it is the result
of these meetings.
Concerning the didactical themes, the teacher wrote in his review that especially our
recurring discussions about 'holding back and steering' had been very instructive. He also
indicated to have gathered from the totality of our meetings that I am a proponent of
"letting pupils themselves experience, describe and tentatively process, instead of the
traditional model of learning, digesting and testing." In this respect too the teacher noted
that the meetings have had their influence on his teaching practice, e.g.:
...I more often try to get into the skin of the pupils...
It has already yielded fruit (still to be seen whether it is ripe) in my daily teaching
practice. Holding back, listening to pupils, adjusting a little later. A changed attitude
with regards to pupils' making notes of observations. Less direct 'explaining.'
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The main thing I learned from the meetings was to further specify and illustrate what the
consequences for the teacher's role are of my ideas about how pupils could meaningfully
learn about the topic of radioactivity. For up to then those ideas mainly concerned pupils'
learning process, e.g.: whether for pupils one thing (e.g. particle models) really is a
meaningful preparation for another thing (radioactive phenomena). Of course I had some
ideas about the teacher's role in pupils' learning process, but it was the teacher, with his
pragmatic demand for immediate applicability to his practice, who continuously chal-
lenged me to do further develop those ideas and also contributed to that further
development. For me too, our discussions about 'holding back and steering,' and
particularly about how the notions 'holding back' and 'steering' could be given further
content in relation to my developing ideas about a problem-posing approach, were most
instructive.
   Another thing I learned from the way the meetings themselves proceeded, was how
useful it is to regularly and explicitly build in reflective activities. For it had been
beneficial for our meetings that each of us regularly thought about, and that we then
explicitly talked about, questions such as: what have we done, what have we achieved
and where does that leave us? So it would also be useful, and moreover in line with a
problem-posing approach, to build in such activities in the series of lessons we were
going to devise.
   Some of the minor, but still important, things I learned also relates to the construction
of the series of lessons. The textbook that pupils are to work with should be carefully
edited, and easily surveyable and readable. It should be clear to them that quite some
time and effort has been put in it, in order to increase their willingness to seriously work
with it. The latter point may be compared to a remark that the teacher made in his review,
namely that it was also due to my careful preparation of the meetings that he was
challenged to invest quite some time in the homework assignments.
I conclude that our preparatory period had met most of its aims. I had come to familiarize
myself with his way of teaching. He had become sensitive to the problems with the
existing structure to treat the topic of radioactivity, and had gathered some ideas about an
alternative structure. We had developed a common way of talking about teaching and
learning that promised to be useful for a productive future working relation with respect
to writing, trying, etc new teaching materials. Particularly the theme 'holding back versus
steering' seemed to be useful for both of us. For the teacher because it directly concerned
his role; for me to further think through what, in terms of holding back and steering, the
consequences for this role are in a problem-posing approach. I felt prepared for our future
cooperation, and so did the teacher: "I'm one hundred per cent behind the experiment. I
have confidence in it."
   What had not become clear, as the teacher remarked in his review, is "what precisely
the lines are along which and why your research takes place." I guess I myself also did
not know that at the time.
10.4 Cooperation during the (re)construction and try-out of the
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didactical structure
Following the preparatory period, the teacher participated in my research for a period of
two and a half years. In this period he worked with both versions of the didactical
structure and was also involved in the construction and evaluation of them. In this section
I describe some aspects of our cooperation in this period, and in particular how in this
period our discussion about his own role in the classroom continued, with the eventual
aim that he made himself so familiar with the essence of (especially the second version
of) the didactical structure and his role in it that he would not deviate essentially from it.
10.4.1Construction and try-out of the first version
For the construction of the first version of the didactical structure there was about three
months available. In these three months I had to put flesh to my still vague ideas about
another way to structure the treatment of the topic of radioactivity (e.g.: not begin with
particles but rather end with them), by thinking of suitable tasks and a suitable order in
the tasks. Choices had to be made (sometimes rather ad hoc) in order to meet some con-
straints: the total series should take about 10 lessons (of 50 minutes), applications of
radioactivity should be treated, the examination syllabus had to be covered, etc.
Furthermore, a textbook for pupils had to be written, edited and laid out in such a way
that for them it would be challenging to work with, and easily readable and surveyable.
At the end of the three months there was indeed a pupils' textbook but, as it had been
produced under heavy time-pressure, I was not quite satisfied about it. I did have the
feeling, however, that it was worth being tried in the sense that from the try-out we could
learn a lot about possible improvements.
   In those three months the teacher was one of the people who commented on my
intermediate products, and what occupied him most was to see how the vague ideas about
an alternative structure that we had talked about during the preparatory period gradually
assumed a more definite and concrete form. There simply was no time left to discuss his
role in relation to the material that was being written any further than whether he thought
it feasible to do the activities in the time that was planned for them. Moreover, the
teacher guide that was also being written, was more a justification of the new structure of
the treatment of the topic of radioactivity than a practical guide. So also concerning the
teacher's role I had the idea that a lot could be learned from the try-out. It was in the
evaluation of the first version of the didactical structure that the main work had to be
done, with respect to both the structure itself and the teacher's role in it.
The first version of the didactical structure was tried in two classes. The procedure of the
class observations had been much the same as later in the try-out of the second version (cf
section 9.2.1). In one of the classes the lessons were recorded on audiotape, in the other
on videotape; on the basis of the experiences in the class in which a particular lesson was
given first, some changes were sometimes made concerning the matching lesson in the
other class, etc. But whereas the procedure of the observations was similar, the first
impressions from the observations differed markedly. For, in line with the above
mentioned expectations, the first impressions I gathered during the try-out of the first
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version the didactical structure were that it certainly was not yet 'good enough.' That is,
too often the things the pupils did and said were too far out of line with what they were
expected to say and do. Moreover, whereas in some cases rather cosmetic changes might
suffice to improve matters (e.g. by avoiding unspecific terms in the formulations of the
tasks, cf section 7.4.1), in others more structural improvements seemed necessary. In
order that pupils perceive the coherence in successive tasks (cf section 7.4.2) or come to
appreciate some problem in the right way (cf section 7.4.3), for instance, it seemed
necessary to not just superficially change some tasks but also to change their function and
aim, and the way in which they are to be put in a coherent structure.
After the try-out of the first version the teacher was asked to write down his first
impressions. The following may give an idea of what they were.
The last weeks before the start of the series of lessons were marked by a lot of pressure,
concerning the normal work at school as well as the preparation of the start. [...] In
addition to this the material still had not got its definite form and a remark of [one of
the other people who commented on the material] about the amount of subject matter
and the in his opinion too optimistic planning had made me doubt about the possibilities
of the material. After in the end the material had got its definite and carefully edited
form my concerns were somewhat taken away again.
Once the lessons had begun I was glad to have the opportunity to always teach the
lesson once again in the other class in order to then deal with problems that had been
found in the first lesson. Because of that it turned out that after four lessons I myself got
the feeling that the planning was feasible and my decreasing tension for the lessons of
course made that the further lessons proceeded less tensely.
10.4.2Evaluation of the first version and construction of the second version
The above may already indicate that at the beginning of the evaluation the teacher and I
had a different attitude, which may again be characterized as the difference between a
theoretical and a pragmatic attitude. For me the real work still had to begin, and I was
sure that the evaluation would lead to suggestions for structural changes, for substantial
changes in the didactical structure itself. For the teacher, however, things had worked out
well, and by this he meant things like: we made it in time, the pupils learned something
and they were involved.
   In the first stages of the evaluation this difference was not properly taken into account,
however. We had weekly sessions, for which we prepared by studying one lesson. The
teacher studied the videotape of that lesson, i.e., the lesson in one of the classes. I studied
the videotape too (together with Hans Créton and Wout Moerman), and also the
audiotape of that lesson (i.e., the lesson in the other class) and pupils' notes. During the
session we then exchanged our findings. At least, that was the plan. It turned out,
however, that there was hardly any exchange, but rather a one-way transmission from me
to the teacher, in which I pointed at numerous cases in which what the pupils did and said
was (far) out of line with what we had expected, at cases in which the teacher's role could
have been better, at possible suggestions for improvements in the didactical structure
itself and the teacher's role in it. I was far from content about this one-way traffic. The
teacher, on the other hand, felt sort of guilty for not having enough critical remarks. So
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the sessions were increasingly dissatisfying for both of us.
In order to escape this situation, we spend a session on the sessions themselves. Below
are some fragments of what the teacher then brought forward, which also illustrate our
different attitudes.
I've looked quite differently at [the lessons]. I think: I have my material, I give my
lessons, well, I think that my pupils have learned something of it, right. You've looked
quite differently at it, because your starting point was: well, we'll see whether the pupils
have learned something of it. Well, I don't look that way at lessons, I don't look months
back. I think: well, the lessons are over, we have made it in time, so I was satisfied,
right. So I thought that the lessons went well. If you're looking at it through such a
magnifying-glass, well, then indeed you're going to say, and I really do admit that now
too: what we had expected did not quite come out and it might have been done differ-
ently.
[During the try-out] I myself didn't have the idea that we were going to discuss it that
well, that accurate, that we'd go that deeply into it.
So I really am content about the sessions, about the way we're working on it, but it is
different from what I had imagined. Much more about small things, of which you say:
here, see that, now? [...] I found it for instance nice... a nice example, that that second
lesson I had watched, that I had hardly made any notes really and that I tell you those
and that you then come with [..] no less than thirty remarks, well, five pages full. And if
I read them over, then I think: and it is like that too. Well, and that you pull them out
much more easily than I do. I obviously take notice of quite different things: whether
the children are participating, or that they... I don't take notice of whether they... And I
do think along with you whether it can be done differently, but I do not pick it out
myself.
We concluded that it had been a kind of strange experience for the teacher to look
through a magnifying-glass at the small things of something that was well over and that
on the whole he was quite satisfied about. On the other hand, now that he got used to the
idea he also appreciated that by looking this way it became clear that what we had
expected did not always come out and that things might have been done differently. In
fact, the teacher also indicated that through the evaluations he had become aware that
during the try-out he had not grasped the point of some activities, which accordingly he
had not carried out very well, and had also become aware of other cases in which his role
had not been adequate. Furthermore, the teacher indicated that the many small things
added up to suggestions for quite structural changes, which he appreciated as improve-
ments: "It is a whole different approach, it is quite a different approach. I do think so. The
new design appeals to me."
So the main source of the problem seemed to us that, although he did think along with me
and appreciated the points I brought forward, the teacher himself did not pick out the
things that I did and did not himself come up with suggestions for structural changes. It
was not so much problematic that I picked out more things and that I came up with the
suggestions for improvements. After all, I had given the didactical structure a lot more
thought than the teacher had. Moreover, it was precisely in this period that things began
to fall in place for me, that I began to arrive at the global outline for a didactical structure
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as outlined in chapter 6. So it was quite naturally that I took the lead concerning the
structural aspects. What was problematic, however, was that in the sessions up to then
this inequality had not been properly taken into account. For the teacher had the same
general assignment that I had: study a lesson and comment on it.
   As a solution to the problem we suggested that each of us would study the lessons with
a special assignment. I would especially focus on the structural aspects, e.g.: whether the
things pupils do and say is in line with what they were expected to say and do; whether
by changes in formulation, aim, function, order, etc pupils might come to perceive the
coherence in successive tasks or come to appreciate some problem in the right way, etc.
The teacher, on the other hand, would especially focus on, what we called, the procedural
aspects, e.g.: whether the way in which an activity was carried out has contributed to
reaching the aim of the activity; whether by changes in instructional technique or teacher
participation (more) pupils might come to (better) appreciate some problem in the right
way, etc. Of course the structural and procedural aspects hang closely together. So the
teacher had to keep on thinking along with me with respect to the structural aspects,
though he was no longer expected to make substantial contributions concerning them.
And of course I had to discuss the procedural aspects with him, and in particular their
relation to the structural aspects.
It turned out that by the above division of tasks the problem was indeed solved. Firstly, it
made more clear that both concerning the structural and the procedural aspects the series
of lessons needed to be considerably improved, and also which were the structural and
which the procedural improvements. Secondly, the teacher's new task was directly related
to what most concerned him: his own role, and he was willing, and able, to work on his
new task. Thirdly, the new task was a good preparation for his task during the writing
stage of the second version of the didactical structure, namely to write his own guide. His
new task, finally, enabled us to continue our discussion about his own role in the class-
room, which in the preparatory period we had already begun, and this time more
concretely in close relation to the didactical structure.
So the teacher began to study the tapes again, this time especially focusing on the
procedural aspects. In the terms of our theme 'holding back versus steering,' he noticed
that there were many cases in which his participation had been far too steering. There
were cases in which he virtually took over an experiment that pupils were performing, put
words in their mouths, heard and saw much more in what pupils said and did than what
they actually intended to say and do (cf section 7.4.3), was too focused on pulling out the
desired answer (as in: "I've already heard the right answer"), he tended to address himself
to especially the 'better' pupils, etc.
   Obviously we did not discuss such cases in a blame-context, but acknowledged that a
lot of them derived from the fact that the whole thing had been new and stressing for the
teacher. He had been nervous, especially during the first lessons (cf his review of the try-
out). He had felt the responsibility to make it happen as expected, and therefore was very
much focused on the desired answers, apt to hear and see more than there was to see and
hear, etc. He also had his initial doubts about the possibilities of the material, whether the
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pupils are indeed able to find things out for themselves or in the time planned for it, and
therefore he had sometimes tried to speed things up by putting the words in pupils'
mouths, taking over experiments, addressing himself especially to the better pupils, etc.
Furthermore, sometimes our expectations had simply been too high, so that on the spot
the teacher had to deal with unexpected situations. I also think that keeping a tight control
with respect to content was an ingredient of his way of keeping order.
   In our discussions I rather tried to make the teacher take two steps. First, to gain
confidence both in the material and in the pupils. That is, the tasks, certainly when the
suggestions for structural improvements are taken into account, are such that the pupils
are indeed able to take control over their progress with respect to content, that also
without a tight control of him in that respect they are willing and able to themselves think
of experiments, carry those out, draw conclusions, formulate questions, etc. So with
respect to content the steering part of the process should be initiated by the material and
further driven by the pupils as they work with the material. The second step relates to the
procedural aspects: to find ways to so guide the process that, on the one hand, all pupils
are involved, make contributions, listen to each other, etc while, on the other, the process
still proceeds orderly and structured.
In the first step we discussed cases in which, as the teacher himself had already noticed,
his participation had been far too steering, and compared those to cases in which he had
appropriately held back. Sometimes it was even possible to make this comparison with
respect to the way that one particular activity was carried out in the two classes. This was
the case, for instance, concerning the task whether or not the cleaners of an X-ray depart-
ment need lead aprons.19) In the one class pupils were divided over the matter. The teacher
subsequently gave both sides the opportunity to convince each other, an activity that he
ingeniously managed by imposing the rules that the two sides have to take turns in
bringing forward a point, that someone who wants to bring forward a point for his or her
side has to stand up and that only someone who is standing up is allowed to speak, and
that pupils are allowed to switch sides each time one side has made a point. Since neither
of the sides turned out to be able to make a convincing case, the pupils were then asked to
think of an experiment that could be done with the material present in the classroom and
that might decide the issue. The pupils proposed to put the X-ray machine on for a while
and then measure whether its walls had become radioactive. The final conclusion, on
which everybody agreed, was that lead aprons are not necessary. In the other class,
however, things went rather differently. There all of the pupils initially agreed that lead
aprons are needed. This unexpected result (he had expected that, as in the other class, the
pupils would be divided over the matter) so unnerved the teacher, that he completely took
over from then. He forgot to let the pupils think of an experiment that would prove them
right. Instead he called a pupil forward, told him to put the X-ray machine on for a while,
to then measure the walls with a Geiger counter, and concluded that lead aprons are not
necessary. This conclusion lead to quite some protests from the pupils, probably because
they did not have the faintest idea why the experiment had been carried out. They
                                         
4. In the second version of the didactical structure this task returned (cf section 8.4.2), but, due to some structural
changes, at a different place.
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certainly had not decided for themselves that it is an experiment by means of which it can
be decided whether or not lead aprons are needed. Consequently, the experiment played
no role in their further reasoning. What had become clear to the pupils, however, is that
the teacher had launched an offensive at their communally held opinion that lead aprons
are not needed, and they began to passionately defend that opinion, e.g.: dust particles or
the air in the X-ray department have been irradiated and therefore are radioactive. The
experiment also played no role in the teacher's further reasoning. Instead he tried to
explain why e.g. dust particles cannot have become radioactive, pretty soon got stuck in
the explanation when he noticed that in it he would have to use the not yet settled
concepts of irradiation and contamination, and ultimately saw no other possibility than to
force the matter: as you will learn in the next chapter, irradiated dust particles are not
radioactive. At that stage it had of course become clear to the pupils that the teacher very
much wanted them to say that lead aprons are not necessary. So in the end they decided
to meet the teacher, at least part of the way: okay, the cleaners do not need lead aprons,
but they do need something else. So here we had a case where the teacher's very steering
role had rather been detrimental to pupils' learning process. If the teacher had given the
pupils the opportunity to themselves steer their learning process (by letting them, as the
pupils in the other class, think of an appropriate experiment), then they would have been
confronted with experimental facts that, for good reasons, they themselves had brought
forward. The further discussion could then have been based on facts (on what is seen and
heard) instead of vague speculations and not yet justified conclusions, and would then not
have proceeded in an undesirable attack-and-defence context.
In the second step, the teacher thought of ways to so structure the classroom process that
as much pupils as possible are given ample chance to take control over their progress
with respect to content: in which cases group work is most appropriate and how it could
best be organized; in which cases a class discussion is most appropriate and how it could
best be initiated, guided, rounded off, etc. It was of course clear to the teacher that giving
the pupils control over their learning process does not imply his withdrawal, especially
not if the process is still to proceed orderly and structured. On the contrary, it requires
him to draw on a whole repertory of management techniques. So the teacher studied
which such techniques he had already spontaneously used (in the above I have given an
example), how they had worked out, where else they could be applied, and he explicitly
thought of other techniques. As it was part of his way of keeping order, for instance, to be
very much present and in particular to be speaking quite a lot, we thought of a way to
combine this with not taking over with respect to content, e.g.: when pupils were carrying
out an experiment he could physically withdraw, but verbally be very present as a kind of
commentator.
   As my evaluation of the first version, via ever more concrete suggestions for structural
improvements, gradually transformed into the construction of the second version, so the
teacher's second step gradually transformed into writing his own guide for the second
version, i.e., into a detailed specification of the instructional techniques and his role in the
activities that were planned in the second version. This guide was indeed very much
geared to the teacher himself, and contained all sorts of reminders that especially
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concerned him, e.g.: do not yet go into it; aim at mutual agreement; do not take over!; try
to involve especially the 'lesser' pupils in the discussion; do not run ahead of things; take
stock of all suggestions and solutions. Writing his guide was at the same time the teach-
er's preparation for the try-out of the second version.
10.4.3Try-out and evaluation of the second version
At the start of the try-out of the second version of the didactical structure, both the
teacher and I had quite some confidence in it, i.e., we both expected that it would come
out as 'good enough.' Both of us also expected that the teacher had made himself so
familiar with the essence and details of it and had so well prepared his role in it, that he
could carry it out as intended. In chapter 9 I have already tried to show that both
expectations came true, although some structural as well as procedural modifications
were still necessary (see e.g. section 9.4.1). I also refer to chapter 9 for a description of
the cooperation between the teacher and me during the try-out and evaluation of the
second version.
   After the evaluation, the teacher has written a draft teacher guide that is no longer
meant to be especially geared to him. It can be characterized as a shortened and more
easily readable merger of (parts of) chapters 8 and 9 of this thesis, i.e., a justification of
the main tasks, augmented by pupils' reactions to them and some practical clues for
teachers. Out of this draft teacher guide I now quote some fragments of the closing
section in which the teacher himself gives a general evaluation of the material.
Once I described the material as 'the engine,' the 'fuel' for which is represented by
pupils' contributions. Now that I've worked for several years with this material, I've
discovered that this metaphor is not that badly chosen at all. The pupils indeed keep the
engine going by their contributions, their enthusiasm, their ideas and especially also by
their questions. And even to the extent that the engine always got that well run in that
almost as a matter of course it made its way through the topic of radioactivity. [...]
Apart from that all, I in fairness have to tell that teaching in this way, with 'holding
back' and 'listening,' does require quite an effort. After these lessons I generally was
more tired than after lessons taught in my old way. The question then presents itself
whether that additional effort balances the achieved result. I do give this question a
cautious 'yes,' though. The design of the material (its structure, emphases and basic
assumptions) has more appeal to me than the traditional treatment of the topic of
radioactivity. Furthermore it is my experience that practically throughout the series of
lessons the pupils enthusiastically continue to take part. In evaluations of the unit the
pupils themselves too indicate that they have experienced 'learning from each other' and
'having come to solutions oneself' as positive [cf section 9.6, KK]. [...]
I have confidence in the strategy described in this guide. You too will have to get
confidence in it. All I can say is that in my series of lessons on the basis of this material
[...], the necessary fuel for the engine has always been sufficiently supplied by the
pupils. To put it differently: I've never been afraid that we would come to run dry; we've
never even driven on the reserve tank.
10.5 Some general remarks on the role of a teacher
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In this section I try to go beyond the educational experiment that this thesis reports on,
i.e., beyond this particular teacher that has worked with this particular material in this
particular research. In doing so I also go beyond a firm ground of experiences to base my
opinions on and, to some extent, beyond my competence. So this section is of a
speculative nature and should accordingly be read as a representation of some of my
personal ideas. Let me begin with going beyond this particular topic. This is what the
teacher has to say about it (in his draft teacher guide).
My most important finding, though, is that you will not be able to work with this
material if you haven't at least come to believe in its basic assumptions, e.g., confidence
in the importance of 'postponing questions' and 'holding back' of you as teacher. Are
these basic assumptions and strategy also applicable to other topics from the physics
curriculum? I do think so: postponing questions will be going to function as something
normal for the pupils. Especially if more often they notice that the answers are found
(and often by themselves) as a matter of course. [...] Thinking of experiments oneself
and drawing conclusions from those is, according to me, also of use for more topics.
Does all this mean that in your physics classes you will tomorrow be able to begin with
'holding back,' postponing questions, letting pupils themselves think of experiments,
carry those out and note down conclusions? The answer to this question is a very
distinct: no! Material that makes possible such an approach for other topics simply isn't
available. But if such material is to come, and it isn't up to me to take care of that, I will
surely use it.
Like the teacher, I believe that the basic assumptions and strategy are applicable to other
topics as well. In fact, in chapter 6 I have already quite generally presented a global
outline of a didactical structure. I also think that the teacher will be able to work with
material that, for some other topic, makes possible a similar approach, i.e., with a 'good
enough' didactical structure of some other topic. I also think that it would not take him
that much preparation time as his learning to work with the didactical structure of the
topic of radioactivity has taken him. After all, he does already believe in the basic
assumptions and strategy, so his preparation would simply be a matter of finding out how
the basic assumptions have been detailed and how the strategy could be detailed for the
case at hand. In all this, he would of course draw on his experience with (working with)
the didactical structure of the topic of radioactivity. I also think that the teacher himself
would not be able to construct, for some other topic, material that makes a similar
approach possible. This, of course, is no disgrace. I myself, for instance, think that I am
able to construct didactical structures for other topics, and that those (re)constructions
will much quicker converge to 'good enough' didactical structures than has been the case
for the topic of radioactivity, but I do not think of myself as good enough a teacher to be
able to work with such didactical structures without any further training. But, as I have
already noted, all this is speculation.
Let me speculate a bit further and ask whether other teachers than the one who
participated in my research are able to work with the 'good enough' didactical structure of
the topic of radioactivity (or some other 'good enough' didactical structure), and what it
takes to make them able to do so. One thing that it takes, as the teacher who participated
has repeatedly emphasized, is confidence in its basic assumptions and strategy on the one
hand, and in the pupils on the other. In order that other teachers gain such confidence, I
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do not think it is necessary that they go through the whole process that the teacher who
participated has gone through (and that has been the main topic of this chapter). Neither
do I think that it will be necessary that they study the theoretical background, i.e.,
something like chapter 4 of this thesis. What I think might be useful is that they actually
have
 lessons that are based on the 'good enough' didactical structure at hand and that they
watch videos of (fragments of) lessons in an actual classroom. As a pupil and an observer
they will thus, as it were in play, get acquainted with why and how the didactical struc-
ture is as it is. What they will have to gain confidence from, I guess, is that they see it
working, that they also are impressed by the fact that "[t]he pupils indeed keep the engine
going by their contributions, their enthusiasm, their ideas and especially also by their
questions." I do not know whether this kind of in-service training will work. We have not
(yet) got any experience with it. The teacher and I have run a couple of workshops at a
teacher conference, however, in which we, be it in a time span of just one and a half
hours, tried to do the sort of things just mentioned. And the fact that most teachers
present at our workshops were quite enthusiastic about it, is an argument in favour of
attempting an in-service training along the sketched lines.
However, having gained confidence in its basic assumptions and strategy is one thing,
being able to work with a 'good enough' didactical structure quite another. It requires, for
instance, that one can rather flexibly draw on a quite extensive repertory of management
techniques. In the terms of Brekelmans (cf section 10.2), I would without any
reservations advise only teachers with an 'authoritative' or 'tolerant and authoritative'
communication style to work with a 'good enough' didactical structure. They seem to be
the best teachers anyhow, no matter what instructional methods they use. Whether, and
how, someone (e.g. a student teacher) can acquire the sort of desired management
techniques or communication style is beyond my competence. I do think, however, that
such an acquisition will involve the abandonment of some of the common ways in which
(student) teachers (learn to) structure lessons, often as a means to keep order. This was
once more brought to my attention by Marjolein Vollebregt, a PhD-student who,
concerning her first attempts to write a didactical structure (for the introduction of
particles, see e.g. 1994), had written in the diary she keeps: "I still don't succeed in
writing a scenario that starts from the pupils. Too strongly I hold on to the activities and
aims with respect to content in order to maintain with those the common control of the
teacher."20) In a verbal explanation she said that as a student teacher she had learned to
structure her lessons as follows: set your goals, i.e., what pupils should be able to do at
the end of the lesson; think of activities that are needed to achieve that; think of ways to
control that the activities are indeed carried out as desired. So she had learned to think
about the appropriateness of activities from the point of view of the teacher's aims and
not from the point of view of pupils' motives. And she had learned to keep a tight control
with respect to content, especially as a means to keep order, i.e., as a means to survive in
the classroom. Now, of course, I also want student teachers to survive, but I wonder
whether for that purpose it is necessary that they learn to structure their lessons and to
                                         
5. Quoted with approval.
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keep order as indicated above. Are there no other ways that are still within the reach of
student teachers? It seems to me that such questions concerning the interconnection
between the methodological and the interpersonal aspects of teacher behaviour deserve a
thorough investigation.
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6 A didactical structure in global outline
6.1 Introduction
In section 5.4 I have advocated, as an attempt to improve science educational practice at
a content-specific level, a problem-posing approach to science education, i.e., an
approach whose emphasis is on bringing pupils in such a position that they themselves
come to see the point of extending their existing conceptual resources, experiential base
and belief system (with accompanying changes of meaning) in a certain direction. I have
also pointed at two essential ingredients of a problem-posing approach. The first is that
pupils' process of science learning is, at any stage, provided with a local point, in the
sense that their reasons for being involved in a particular activity are induced by
preceding activities, while that particular activity in turn, together with its preceding
activities, induces pupils' reasons for being involved in subsequent activities. The
second ingredient is that their process of science learning is, at appropriate stages,
provided with a global point, which is to induce a (more or less precise) outlook on the
direction that the further process will take.
   Accordingly, it is an essential ingredient of planning a problem-posing approach to
teaching some scientific topic, i.e., of devising a didactical structure of the topic (cf
section 5.4.2), that one will have to think of appropriate local and global points, and of
appropriate ways to induce those. Since such local and global points (and ways to induce
them) are content-dependent, they will vary from topic to topic. Nevertheless I think
that, as far as the global points and the ways to induce them are concerned, didactical
structures of various scientific topics will have something in common, namely kinds of
global point, and a succession of those that is more or less natural in the sense that they
build upon each other: while pupils proceed on their process in the direction suggested
by one kind of global point, the next kind of global point is likely to be induced.
   In section 6.2 I illustrate these kinds of global point, the more or less natural
succession of those, and the articulation of a didactical structure in some main
substructures that this succession gives rise to, at the case of the topic of radioactivity.
In doing so I hope to at least suggest that the ideas presented in section 6.2 have some
wider applicability than just this particular case and, more generally, are of heuristic
value in outlining a didactical structure at a global level. In section 6.3 I make some
further comments in this respect, by pointing at the work of van Hiele and ten Voorde,
which has inspired the ideas presented in section 6.2, and at the work of some others
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who, like me, have tried to apply their ideas in outlining a didactical structure at a
global level.
6.2 Outlining a didactical structure as a succession of global
points that build upon each other
6.2.1 Global motivation; practical problems; theoretical problems
The first kind of global point, which I call a global motivation, concerns the very
beginning of a didactical structure. It is to induce in pupils a sense of purpose for at least
beginning to study the topic at hand, and to provide them with a first sense of direction
concerning where their study will lead them to. In section 5.4.1 I have already
mentioned that a global motivation might be induced by matching the topic to existing
interests of pupils. Concerning the topic of radioactivity, one may think here of setting
the topic in the context of real life situations involving radioactivity (such as the Cherno-
byl accident and its consequences) and applications of radioactivity (e.g., in health
care), and of treating such issues as safety measures (cf section 6.2.2).
If the induced global motivation is not to be just an ornament, the knowledge that one
(as curriculum deviser) intends to make pupils arrive at next will actually have to lie in
the direction that the global motivation suggests. Accordingly, this knowledge must be
such that it is appropriate to predict and explain the occurrence or non-occurrence of
types of event that have some practical interest (e.g., the occurrence and, in particular,
the non-occurrence or prevention of someone's receiving radiation), in situations that
have some practical interest (e.g., real life situations and applications), and to an extent
that is quite sufficient for practical purposes. Let me call this practical knowledge.
   That there is indeed something to learn for pupils in this direction, may be clear from
the inventory of their pre-instructional knowledge (cf sections 2.4 and 2.5). For
example, for them what happened to the spinach in the Netherlands after the Chernobyl
accident and what would happen to spinach if it were irradiated is essentially the same:
in both cases the spinach would come to contain radiation*, and in order to characterize
the spinach they would in both cases use either of the words 'contaminated' or 'irradi-
ated.' So it becomes an important aspect of pupils' arriving at practical knowledge that
they come to see the point of distinguishing between the processes of contamination and
irradiation, and come to appreciate that irradiation of an object does not make it emit
radiation, that a contaminated object does emit radiation, that a contamination-situation
demands other safety measures than an irradiation-situation, and so on.
   So, on the one hand, the knowledge that lies nearest in the direction suggested by the
global motivation is of a practical nature and, on the other, there is something to learn
for pupils in this direction. The second kind of global point is to induce in pupils a more
precise outlook on this direction, by bringing them in such a position that they
themselves come to pose some practical problems. From the pupils' point of view, these
practical problems (which constitute the global point) must be clear problems, whose
solutions are expected to lead to an improved understanding of real life situations
involving radioactivity; from the curriculum deviser's point of view, the problems must
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be such that they offer the perspective that in the course of a further investigation pupils
will eventually arrive at the practical knowledge. In section 6.2.3 I will indicate what,
for the case of the topic of radioactivity, suitable practical problems might be and how
they might be induced.
The third kind of global point, finally, may naturally come forward or be induced in the
course of the investigation that follows pupils' posing of the practical problems. That is,
in the course of that investigation they are, on the one hand, expected to arrive at the
practical knowledge and to come to value that practical knowledge for practical
purposes, but on the other hand they may also come (or be made) to recognize problems
that not so much cast doubt on the practical use of the practical knowledge but rather
demand a deeper understanding or further clarification of it. Such, what may be called,
theoretical problems constitute the third kind of global point. They are to provide the
further process with an initial direction. In section 6.2.5 I will indicate what kinds of
theoretical problem can be expected to come forward in the case of the topic of
radioactivity.
The above succession of three kinds of global point (global motivation 6 practical
problems 6 theoretical problems), gives rise to the following rough articulation of a
didactical structure in main kinds of substructure: inducing a global motivation 6
inducing practical problems 6 solving the practical problems 6 inducing theoretical
problems 6 solving the theoretical problems. Concerning the topic of radioactivity, I
will make on each of those some further comments in sections 6.2.2 to 6.2.6. I refer to
chapter 8 for more details.
6.2.2 Inducing a global motivation
When it comes to inducing, on the basis of existing interests, a global motivation, the
topic of radioactivity is a relatively easy one. For in general pupils do already have an
interest in the topic, probably because the various applications of radioactivity appeal,
both in a positive and negative sense, to such basic needs as feeling safe and maintaining
good health. This is not to say, of course, that there is an existing interest of pupils in
the particular content one intends to make them learn (e.g., the distinction between the
processes of contamination and irradiation).
   In order to induce a strong enough global motivation it will therefore suffice to
include subject matter that appeals to the above mentioned needs relating to safety and
good health, such as safety measures and applications in health care, and to point this
out to pupils. Thus, on the one hand, they are provided with a global outlook on what is
to come and, on the other, get the idea that subject matter will be treated that interests
them.
   Of course, the global motivation that is thus induced will only make pupils stand ready
to start up the process. If, after it has been induced, one continues with an elaborate
treatment of (sub)microscopic models, as in the unit Radiation, you cannot avoid it...
(cf chapter 3, in particular figure 3.1), it turns out that the global motivation is not
strong enough for pupils to also take an active interest in that treatment and may even
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work counter-productive during that treatment (cf section 3.3.1). So it is not enough to
induce a global motivation just to butter pupils up, one will also have to continue in the
direction that the induced global motivation suggests, i.e., towards practical knowledge.
6.2.3 Inducing practical problems
In this section I indicate what, for the case of the topic of radioactivity, suitable
practical problems may be, how those can be induced, and that appropriately inducing
those requires careful preparation and guidance.
A suitable practical problem
Consider items 1 to 5 below. Although I have made them up for the purpose of
illustration, let us think of them as notes that were (in that order) written or uttered by
pupils in a lesson series on radioactivity.
1. We have agreed to call something radioactive if a Geiger counter starts ticking
near it.
2. When a Geiger counter that we hold in our hands ticks, we stand in the radiation
that is emitted by a radioactive object or an X-ray machine that is switched on.
3. We were asked to make an apple radioactive. So we placed the apple next to a
radioactive stone for a while. After we had done so, we checked with a Geiger
counter whether the apple had become radioactive. It had not. Well, probably the
stone is not strong enough.
4. We then put the apple in an X-ray machine, which is really strong. But again,
after the apple was taken out of the X-ray machine, the Geiger counter did not
start ticking near the apple.
5. It seems like we cannot make something radioactive. But then, after the Chernobyl
accident we were not allowed to eat some fresh vegetables because they had
become radioactive. So, how can things be made radioactive?
I think that the general problem that the (fictitious) pupils arrive at in note 5, how things
can be made radioactive (in the sense agreed in note 1) and, implicitly also, how not, is
a suitable practical problem. Since the pupils understand the problem in accordance with
the agreement made in note 1, it will have a clear meaning to them, given that the
agreement involves a clear empirical criterion. Furthermore, although they have come
to recognize that they do not yet know the solution to the problem, it is also clear to
them that the problem does have a solution, given that it was one of the consequences of
the Chernobyl accident that things had become radioactive. So somehow it must be
possible to find that solution, while finding the solution will also lead to, e.g., an
improved understanding of the Chernobyl accident and its consequences.
   From the curriculum deviser's point of view, moreover, the problem is such that it
offers the perspective that in the course of a further investigation pupils eventually
arrive at the practical knowledge. For the actions that the pupils have performed, as they
report in notes 3 and 4, and as a result of which the problem has come forward, are all
of the kind 'making the apple stand in radiation,' i.e., 'irradiating the apple.' If pupils
also recognize this similarity in their performed actions, they will at least have taken
one step in the direction of seeing the point of distinguishing between the processes of
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contamination and irradiation: irradiation of an object does not make it radioactive (in
the agreed sense). Furthermore, since the practical problem itself has emerged in an
empirical context, pupils' arriving at the practical knowledge too can naturally be
supported by further experimentation.
The device used to induce the practical problem
Part of the device that the curriculum deviser has employed in order to make pupils
arrive at the practical problem (in note 5), is to simply give pupils a task (Make the
apple radioactive; cf note 3) that sounds like a special case of the practical problem. Let
me now try to show why the curriculum deviser could confidently plan this device, i.e.,
why it was reasonable to expect that the device would work. In particular, why it could
be expected that, if pupils stick to the agreement reported in note 1, they will, given the
task to make the apple radioactive, eventually come to appreciate that they do not know
how to produce an outcome of the kind that the task calls for (an object's becoming
radioactive, in the agreed sense).
   A very direct way in which they may come to appreciate this is as follows: given the
agreement we have made before, we are now asked to make it the case that the Geiger
counter starts ticking near the apple; well, never before in our lives have we tried to
make it the case that a Geiger counter starts ticking near some object; so we really don't
know how to make the apple radioactive. I think it is not likely, however, that the
practical problem will come forward almost immediately after pupils are given the task
to make the apple radioactive.
   In fact, the task to make the apple radioactive may be rather unproblematic for pupils,
in the sense that they are pretty sure what to do: place the apple near a radioactive stone
for a while (cf note 3). If they were asked why they expect this proposal to lead to the
desired outcome (the apple's being radioactive), they might have argued that thus the
apple comes to contain radiation (radiation*), part of which will subsequently be
released and measured by the Geiger counter. But if they then indeed measure with a
Geiger counter, i.e., if they stick to the agreement, in this case too the practical problem
will eventually come forward, perhaps along the lines of a process of rational
accommodation as (fragmentary) documented in notes 3 to 5, when again and again they
find themselves unable to produce the desired outcome.
The introduction of a scientific term
For the above device to work, pupils must already have arrived at a specific way of
using the term 'is radioactive,' namely as applying to objects in the vicinity of which a
Geiger counter starts ticking (note 1). Let me call this the scientific use of the term. In
section 5.2.4 I have already argued that the educational task of making pupils arrive at a
specific way of using some term is in general a non-trivial one. From the curriculum
deviser's point of view, the term and the specific ways of using it must be useful in the
light of the further development (in this case, towards practical knowledge). On the
other hand it must be possible to so introduce the specific way of using the term that
pupils too, who do not know the details of the further development, see the point of thus
using it.
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   In the above it may already have become clear that the scientific use of the term 'is
radioactive' is indeed useful in the light of the further development. For example, it is
because they consistently stick to this scientific use, and thus check with a Geiger
counter whether their actions have made the apple radioactive, that they eventually
come to pose the practical problem. Furthermore, it is only because the scientific use of
the term involves a clear empirical criterion, that it makes sense to challenge pupils to
perform actions in the first place. This criterion, moreover, is also of use, e.g., in
checking whether someone or something is being irradiated (note 2). And in the even
further development of the process, the scientific notion of being radioactive can for
instance be turned into a more quantitative one by reference to the ticking rate of a
Geiger counter.
   Whether in the case at hand the other part of the educational task can be met, depends
on whether it is possible to make pupils see the point of classifying objects according to
whether or not a Geiger counter starts ticking in their vicinity, and of agreeing to use the
term 'is radioactive' to thus classify them. I think this is indeed possible by
appropriately linking up with pupils' existing knowledge and use of the term 'is
radioactive.' The basic idea is as follows.
   From sections 2.4 and 2.5 it is clear that pupils' existing use of the term is such that
they apply it to something that according to them emits or contains radiation* and by
means of which radiation* might in one way or another get inside other objects. Or, to
put it even more loosely, they apply the term to those objects that in one way or another
are or have been involved in situations that from hear-say they know have got to do with
radioactivity. Let me call this the ordinary use of the term.
   Accordingly, if pupils are presented with some objects of which it is well-known that
they have or that they have not got to do with radioactivity, it is expected that they will
reach mutual agreement on whether or not those objects are radioactive (in the ordinary
sense). In this way, moreover, an environment is created in which it is natural to want to
reach agreement for a few other objects as well. If these objects are so chosen that
pupils are not sure whether they have got to do with radioactivity, or that some pupils
may have heard them brought up in connection with radioactivity and other pupils not,
there will then be doubt or disagreement about whether or not these objects are
radioactive (in the ordinary sense). Their want to reach mutual agreement concerning
these objects, combined with their expected failure to reach it, is then to induce in
pupils a need for a mutually verifiable criterion to determine whether or not something
is radioactive.
   This need is expected to create a place in pupils' conceptual apparatus for the term 'is
radioactive' in its scientific use to occupy. Indeed, once the need has come forward, it is
not a strange idea to try to meet it by the use of a measuring device. It is in fact an idea
that pupils themselves may bring forward, given that it is part of most pupils' existing
knowledge that there are such devices (cf sections 2.4 and 2.5). In order to meet the
need, moreover, pupils are expected to be able to select an appropriate device out of a
collection of devices. For it is expected that it will be clear to them that they have to
select one that does what it is supposed to do: give the correct indication concerning the
objects that are known to be radioactive or known not to be radioactive (in the ordinary
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sense); settle the dispute concerning the other objects. So if the objects that are known
(not) to be radioactive in the ordinary sense are so chosen that most of them are also
(not) radioactive in the scientific sense, it can be expected, finally, that pupils will select
a Geiger counter as the appropriate device.
6.2.4 Solving the practical problems
In this section I indicate how, in a process that is given an initial point and direction by
the practical problem they have arrived at in the preceding, pupils may eventually arrive
at, come to value, and further extend the practical knowledge.
Recognizing similarities and differences
In the preceding pupils have come to frame the practical problem how things can be
made radioactive and how not. As is often the case in situations where one oneself has
framed a problem that has a clear meaning to oneself, also the pupils will already be on
the way to solving their problem once they have framed it. They are expected to have an
open eye and mind for possible contributions to its solution, for instance, and in the
process that has lead to their formulation of the problem they are implicitly also
provided with conceptual equipment that is appropriate to recognize possible solutions
as such. This is not to say, however, that it is straightforward for pupils how to go about
in order to find solutions to the problem. They will need some guidance.
   A first step concerns the 'how not' part of the problem. It consists in letting pupils
make explicit, consolidate and generalize some of the conclusions that have already
implicitly been established in the process that has led to the formulation of the problem,
namely by stimulating them to note similarities between the actions they have performed
and appropriately chosen irradiation-situations, and to frame these similarities in the
terms that are prepared in the preceding. In particular, it is expected that pupils will thus
arrive at the following generalization: an object does not become radioactive by
irradiation.
   A second step concerns the 'how' part of the problem, and uses a procedure similar to
the above one: stimulating pupils to note differences between the actions they have per-
formed and appropriately chosen contamination-situations. It is expected that pupils will
recognize the new element in these situations as a possible contribution to the solution of
the 'how' part and, in the further process of elaborating that possibility, come to see the
point of paying special attention to processes in which something comes to contain
radioactive material. They will then also appreciate the point of having available a term
to refer to such processes: contamination, and come to formulate the following
generalization involving it: an object does become radioactive by contamination.
By challenging pupils, in the above steps, to play an active part in the establishment of
the generalizations, such that they know what the evidence for the generalizations is and
how the evidence is used to support those, it is also expected that they come to
appreciate that the generalizations can be projected to unobserved and counterfactual
cases. E.g.: when that X-ray was taken of me, I had not become radioactive; if I had
swallowed that radioactive stone, I would have become radioactive.
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Coming to value the practical knowledge
By arriving at the generalizations
- an object does not become radioactive by irradiation;
- an object does become radioactive by contamination;
pupils have in effect solved the practical problem. They will, e.g., appreciate why their
earlier attempts to make the apple radioactive were doomed to fail, and that the apple
could be made radioactive by making it contain radioactive material in one way or
another. The generalizations also form the core of the practical knowledge, and pupils
will already have appreciated their relevance for, e.g., an improved understanding of
the Chernobyl accident and its consequences. In order to explain why after the
Chernobyl accident some fresh vegetables had become radioactive, for instance, they
are expected to tell a more or less elaborate story about how (part of) the radioactive
material that the power plant contained before the accident could after the accident have
got in or on those fresh vegetables. Perhaps it is good to point here at the 'specific way
of describing' part that, as argued in sections 4.4.2 and 5.2.2, always plays an important
role in explanations by means of generalizations. For the second generalization above
could not be invoked in order to explain why 'after the Chernobyl accident some fresh
vegetables had become radioactive,' before the particular event of which one description
is 'the Chernobyl accident' was appropriately redescribed or further described, e.g.:
during which an explosion occurred, such that small bits of radioactive material were
released, which were transported by wind and rain and eventually precipitated on the
fresh vegetables.
Pupils can come to value the established generalizations even more by making them
appreciate the relevance of those for other matters relating to existing interests, e.g.:
safety measures. By appropriately taking into account the 'specific way of describing'
part, moreover, they can at the same time get better at home in applying the generaliz-
ations. The idea, roughly, is to first let them think of appropriate safety measures in
situations that are explicitly described as cases of irradiation or contamination. What
they are left to do here, and what they are quite explicitly challenged to do, is apply the
relevant generalizations to the already appropriately described situations. Subsequently,
they can be asked to judge the use of given safety measures in situations that are not
explicitly described as cases of contamination or irradiation. Here it is up to pupils
themselves both to first analyze the situations in the appropriate terms and to then base
their judgement on that analysis by invoking the appropriate generalizations.
Possible extensions of the practical knowledge, induced by further practical problems
The practical knowledge that pupils have arrived at in the preceding might very well
serve as a coherent and worthwhile endpoint. It could also be further extended,
however, in order to arrive at an even better understanding of real-life situations and
applications. Take, for instance, the following applications: the use of a radioactive
tracer in a medical investigation; the use of radioactive sources, in the production of
sheets of metal and paper, as a means to control the thickness of the produced sheets. I
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think that such applications not only are new to pupils, but that they will also arouse
questions of the kind: it is somehow strange that radioactive substances are used here,
for what about ...? In the medical application, for instance, pupils are expected to find it
strange that a patient is purposely contaminated. They may, e.g., wonder whether the
patient will remain contaminated for the rest of his or her life. And concerning the
industrial applications, it is expected that pupils will not find the use of a radioactive
source in order to control the thickness of metal sheets very strange (for the metal will
partly stop the emitted radiation, and the thicker it is the more it will stop), but in
contrast will find it strange that the same procedure can be used to control the thickness
of paper: isn't it so that the radiation will go right through paper?
Such questions constitute another global point. Since the questions are of a practical
nature, in the sense that they have emerged in the context of applications and that pupils
expect their answers to lead to an improved understan ing of applications, this global
point is still of the second kind (cf section 6.2.1). It is to give the further process an
initial purpose and direction. From the curriculum deviser's point of view, the newly
induced practical problems are such that they offer the perspective that in the course of a
further investigation pupils may eventually arrive at, what may be called, a quantitative
extension of the practical knowledge. For in terms of quantitative notions such as those
of penetrating power of radiation, strength of radioactive sources, and half-life of a
radioactive substance, and by means of such quantitative regularities as the one that
describes the way in which the strength of a particular radioactive substance decreases,
the new practical problems can indeed be answered.
In the further process, such quantitative extensions to the practical knowledge too are, as
in the above, to be established by pupils, and to be evaluated by pupils in the light of
their usefulness for a better understanding of applications.
6.2.5 Theoretical problems, induced in the process of arriving at the
practical knowledge
In the preceding pupils have arrived at the practical knowledge, and have come to value
it for practical purposes, in a process that was initiated by a practical problem. Perhaps
they have also extended this practical knowledge in a quantitative direction, in a process
that was set in motion by questions of the same kind, i.e., questions that ask for an
improved understanding of situations that are of practical interest. In the course of
arriving at the practical knowledge (and its extension in quantitative direction),
however, pupils may also have come to pose questions of a different kind. Questions,
namely, that not so much ask for an improved understanding of situations that are of
practical interest, but rather for an improved understanding of the practical knowledge
itself and/or its extension in quantitative direction, and that therefore may be called
theoretical questions. Let me give some examples.
I think that without questioning the practical use of the generalization 'an object does
become radioactive by contamination,' pupils can be expected to pose questions that are
triggered by the generalization itself. E.g.: when we make it the case, in one way or
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another, that an apple comes to contain radioactive material, a Geiger counter will start
ticking in its vicinity; in accordance with the agreement made earlier, we then call the
apple radioactive; but it is clear that the apple is then not, let's say, genuinely radioac-
tive; for the Geiger counter then simply measures the radiation that is emitted by the
radioactive material that the apple has come to contain; so we can understand why a
contaminated object emits radiation, but what is it about genuinely radioactive material
that explains why it emits radiation? This question implicitly also contains a suggestion
for a possible means to achieve an improved understanding, in that it calls for a
characterization of genuinely radioactive material in terms other than that of a Geiger
counter's starting to tick, and in terms of which it can be understood that genuinely
radioactive material emits radiation.1)
   The generalization 'an object does not become radioactive by irradiation' too is likely
to trigger theoretical questions, e.g.: why is it that an object does not emit radiation
after it has been irradiated?; what, then, happens to the radiation when it enters an
object and, in particular, why is it that receiving radiation can have harmful effects?;
and what is radiation anyway? These questions contain the implicit suggestion that they
might be answered by characterizing radiation in terms that are appropriate to
understand its interaction with matter (in particular, living tissue).
   A possible quantitative extension to the practical knowledge, finally, may induce
additional theoretical questions, e.g.: what is it about different radioactive substances
that explains why their half-lifes differ?; what is it about the radiation emitted by this
radioactive substance and the radiation emitted by that radioactive substance that
explains why the penetrating power of the one is higher than that of the other?; etc.
6.2.6 Solving the theoretical problems
I have already noted that practical knowledge might very well serve as a coherent and
worthwhile endpoint, and the same goes for practical knowledge that has been extended
in a quantitative direction. But perhaps it is also possible (see below for some doubts), to
try to go beyond such practical knowledge towards, what may be called, theoretical
knowledge. In that case, theoretical questions like the ones mentioned above are likely
candidates to give that further process a global point (of the third kind, cf section 6.2.1).
That is, together with the suggestions that are implicitly contained in them, they may
give a process towards theoretical knowledge an initial purpose and direction.
   Following up the suggestion to characterize radiation in terms that are appropriate to
understand its interaction with matter, for instance, the following hypothesis might be
proposed to pupils: radiation is nothing but very fast moving particles. Pupils may
subsequently be challenged to evaluate an hypothesis like this one in the light of finding
                                        
1.It may be said that what the question and its implicit suggestion amount to, is an elimination of causal concepts
(cf section 4.4.2), in particular of the, what in the above I have called, scientific concept of being
radioactive. For clearly, this concept is causal: it has been agreed to call an object radioactive if it causes a
Geiger counter to tick in its vicinity (cf note 1). That this concept eventually needs to be eliminated in order
to achieve an improved understanding, may become clear from the fact that the agreement, in turn, has been
reached on the ground that a Geiger counter is a device that is caused to react near objects that everybody
knows to be radioactive. That is, without an appeal to objects that everybody knows to be radioactive, the
agreement is circular.
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answers to some of their theoretical questions. For example, they may try to tackle the
question why it is that an object does not emit radiation after it has been irradiated, by
giving a micro-level account of what happens with the fast moving particles when they
enter an object (cf section 3.3.2). To the extent that they manage to do so, pupils may
come to appreciate the hypothesis as useful, and the more so the more questions it
enables them to tackle.
Along the above lines, pupils will get a flavour of how a shift to a different vocabulary
might enable a deeper understanding, and I expect that their theoretical questions ask for
not much more than just that. In particular, I think that those questions do not in any
way offer the perspective that along the above lines pupils might eventually be made to
arrive at a fairly detailed nuclear model. Or, to put it another way, I think that
radioactive phenomena as such, and the theoretical questions that can be asked about
them, provide too slender a basis in order to make plausible the introduction of full-
fledged nuclear models.
   So I am very modest concerning the extent of what, in the case of the topic of
radioactivity, can be achieved in the direction of theoretical knowledge. I also think,
however, that in this case there is not really a need to aim at fairly developed theoretical
knowledge. That is, the topic could be satisfactorily rounded off once pupils know that
there is still much more to be said and explored concerning radioactive phenomena, and
have seen a glimpse of the direction of such a further exploration.
6.3 Conclusion
I think that the global outline of a didactical structure I have just now illustrated at the
case of the topic of radioactivity, might very well also be useful for other scientific
subjects and topics. In fact, my sources of inspiration, van Hiele (e.g., 1986) and ten
Voorde (e.g., 1990), have applied it to primary and secondary mathematics education
and to secondary chemistry education, respectively. De Miranda (1979, 1981) has used
it to devise graduate courses in economics. Lijnse (1990) was inspired by it in thinking
about a way to teach energy in secondary physics education. Kortland (1995) has used it
to outline secondary environmental education. In chapter 11, I try to further illustrate its
use in thinking about a didactical structure of the topic of heat and temperature, and
about what I consider to be the eventual aim of science educational research (cf section
5.4.3): a didactical structure of the whole of science.
Let me now summarize the global outline and, in the process, introduce van Hiele' and
ten Voorde's terminology of ground level, descriptive level and theoretical level, i.e.,
indicate how I will use these terms2) (in the remaining chapters). I will use the term
                                        
2.I am aware that I may not quite use these terms as van Hiele or ten Voorde intended.
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'descriptive level' for what in the above I have called 'practical knowledge,' i.e.,
specific ways of describing and a set of generalizations involving these ways of
describing, by means of which it is possible to explain and predict a range of events that
are of practical interest to an extent that is quite sufficient for practical purposes.
Pupils' process of arriving at a descriptive level is set in motion, i.e., provided with an
initial purpose and direction, by inducing a global motivation and practical problems. A
global motivation may be induced by introducing the subject matter in the context of
situations that are of practical interest and/or issues that are of personal or social
relevance, or by letting the pupils themselves formulate why it would be relevant to
learn more about the subject matter. The practical problems are to make pupils aware
that there is something to learn for them in a certain direction, and may concern a
surprising element in a familiar situation or some unclarities concerning situations that
are of practical interest or bear a close relation to such. The process of inducing
practical problems may involve, or even be triggered by, specific ways of describing
(e.g., a new use of an old term, such that also changes of meaning may be involved).
Especially in case the specific ways of describing play an important role in pupils'
arrival at, and formulation of, the practical problems, appropriate places for those will
first have to be created in pupils' conceptual apparatus, by productively making use of
their existing knowledge and uses of language.
   When pupils have come to pose the practical problems, I will say that a ground level
for the descriptive level has emerged. A ground level, therefore, is not a worthwhile
endpoint. It is rather, from the pupils' point of view, an inventory of problems that need
to be solved at least before a worthwhile endpoint can possibly be reached. From the
curriculum deviser's point of view, it must contain enough germs that can reasonably be
expected to develop into the descriptive level for which it is a ground level.
In particular it must be reasonable to expect that pupils come to establish, and recognize
as solutions to the practical problems, the generalizations of the descriptive level, e.g.
by stimulating them to recognize similarities and differences among the situations in
which the practical problems have emerged and appropriately chosen new situations,
and to frame these similarities and differences in terms of the prepared ways of
describing. In this process the point of some additional specific ways of describing that
are part of the descriptive level may also come forward.
   In order that pupils best come to appreciate how, when, and when not to use the
vocabulary and generalizations of the descriptive level, they are challenged to play an
active part in the establishment of those. Furthermore, in order to make them feel at
home in using those, special attention will have to be paid to the 'specific way of
describing' part that plays an unavoidable role in applying the generalizations to specific
cases. In order that pupils come to value the descriptive level, moreover, its relevance
for matters of practical interest will have to clearly come forward.
   Although the descriptive level that has thus emerged forms a coherent endpoint, one
may choose to link up with further practical problems that may have come forward in
the process of arriving at the descriptive level or to induce further practical problems, in
order to initiate an extension of the descriptive level.
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In the course of arriving at the descriptive level, pupils may also have come to pose
theoretical problems, i.e., problems that demand a deeper understanding and further
clarification of the descriptive level itself. Pupils may wonder, for example, why the
established generalizations are as they are, or may have noticed points where the
available ways of describing stand in need of improvement. Such theoretical problems
and the descriptive level from which they derive may, from the curriculum deviser's
point of view, contain enough germs that can reasonably be expected to develop into,
what in the above I have called, theoretical knowledge, and for which I will from now
on use the term 'theoretical level.' In that case, one may choose to link up with those
theoretical problems in order to initiate a process towards a theoretical level: a new
vocabulary and a new set of generalizations.
   A first step may then be a switch to a way of describing in other terms than the ones
of the descriptive level. That is, a switch to a new way of describing that promises to
meet the need for improvement at the points where the terms of the descriptive level are
somehow insufficient, and that may involve the elimination of causal concepts. The
demand for better understanding and further clarification will then be met if pupils are
able to deduce, from appropriate new generalizations involving the new ways of
describing, something like the generalizations of the descriptive level. 'Something like,'
because in the process of deducing the generalizations of the descriptive level pupils
may also become aware of those generalizations' crude, imprecise and far from excep-
tionless character.
   These two merits of the switch, i.e., being able both to argue to something like the old
generalizations and to uncover some of their limitations, then provide good reason to
believe that by means of the new vocabulary and the new generalizations (i.e., the
theoretical level) it is possible to explain and predict more and with more precision. This
may then, in turn, lead to an intention of pupils to further explore that possibility, by
actually trying to make new predictions or to deliver more precise explanations. To the
extent that pupils manage to do so, they may come to further value the theoretical level.
Let me close with a few additional remarks. Firstly, whereas a single descriptive level
and the theoretical problems that are triggered by it may provide too slender a basis for
initiating a process towards a fairly developed theoretical level, several descriptive
levels together, along with the theoretical problems that are triggered by them, may
contain enough germs that can reasonably be expected to develop into a theoretical
level. Secondly, in the process of arriving at a theoretical level new theoretical problems
may come forward or be induced, which may initiate a renewed process towards a
vocabulary and a set of generalizations with the same two merits as mentioned above,
and with the same positive fall-out as mentioned above: to be able to explain and predict
more and with more precision. Pupils may thus also come to appreciate, finally, a basic
mainspring of fundamental science.
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7 Some aspects of devising a didactical structure
7.1 Introduction
In this chapter I pay attention to some aspects of the process of constructing and
reconstructing a didactical structure. In section 7.2 I point at one aspect: further
detailing the general outline presented in chapter 6. Another important aspect is, of
course, that of comparing a devised didactical structure, as a prediction of what was
expected to happen, to an interpretation of what actually does happen when it is tried. In
this way, the didactical structure goes empirical and thus becomes open for revisions. In
section 7.3 I discuss its status as an empirical theory. On a global level, the process of
constructing and reconstructing a didactical structure will follow the cyclical (or spiral)
procedure that is common in developmental research (see, e.g., Lijnse, 1995): devising,
trying out, revising in the light of the results of the try-out, retrying, etc. In my PhD-
study, two cycles (or spiral loops) of constructing and trying were completed in two
successive years. In section 7.4 I describe some of the revisions that were made in the
first loop, in the transition from the first version to the second version, and I try to
describe them in such a way that what I have to say may be of more general use. In
chapter 8 I will in more detail describe the second version. In chapters 9 and 10, finally,
there is some more on the 'revising in the light of the results of a try-out'-part of the
procedure, concerning the second version and the teacher's role respectively.
7.2 Further detailing the global outline of a didactical structure in
a problem-posing manner
In chapter 6 I have illustrated a global outline of a didactical structure that supports a
problem-posing approach. A further step in constructing a didactical structure involves
detailing it in a problem-posing manner, such that for pupils every activity is given a
point by preceding activities and, together with these preceding activities, gives a point
to following activities. Or, to put it more realistically, my (re)construction of the
didactical structure was some sort of a mixture of two processes.
   The first one started at the level of concrete activities. When I had an idea about a
concrete activity that I thought would somehow be useful without being able to say how
and where (or even whether) it would fit in the structure as a whole, I would in that
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process not bother about the how, where or whether. I would rather think about what
kind of activities might precede (or: prepare for) the particular activity I had in mind
and/or what kind of activities might follow it (or: be prepared by that particular activity
and the ones that precede it) -i.e., I tried to think of a string of activities around the
particular one I had in mind. If I succeeded in that, this string would usually give me a
good insight -and a more extended string would usually give a better insight- in the how,
where or whether it would fit in the structure as a whole.
   The second process started rather from the global outline of the total structure and was
sort of the reverse of the first one. In the second process my ideas about the global
outline of the total structure would enable me to formulate constraints that the activities
in some part of the structure would have to satisfy. The range of suitable such activities
would thus be narrowed down, though not, of course, to the level of concrete activities
(or concrete strings of activities).
   As already noted, most of the time the (re)construction of the didactical structure was
some sort of a mixture of these two processes: having an idea about what kind of string
of activities is needed in some part of the structure; having an idea about a concrete
activity that may be useful; trying to think of a string of activities around that particular
activity, while bearing in mind the constraints put on the string, etc. As more and more
strings were worked out, there arose the problem that one also faces when digging a
tunnel from opposite sides: things should neatly connect. This further constrained the
construction of strings and required modification of already devised strings, and gave
rise to a process of linking, matching, fitting and gluing together strings to a coherent
structure, while avoiding loose ends as much as possible. Of course there were also
practical constraints, among which the time-constraint was most pressing. Although I
had planned a 3 to 4 month period for the construction of the didactical structure (both
for the first version and, in the following year, for the revised version), in both cases
this was barely enough.
   It will also be clear that consulting colleagues at appropriate stages was an integral
part of the total procedure. Their comments were especially valuable for helping me
overcome deadlocks, which usually turned out to be apparent.
7.3 A didactical structure as an empirical theory
In section 5.4.2 I have characterized a didactical structure of some topic as an account
of a planning of pupils' learning about that topic in terms of a dynamical process of
rational accommodation. It predicts the route that this process, guided, of course, by
teacher and teaching materials, is expected to follow. It does so by appealing to basic
standards of rationality that pupils share with us. The predictions a didactical structure
makes are thus to be understood like the teleological (or: reason-) explanations we give
of human thought and action. The latter render someone's behaviour intelligible to us,
precisely because they describe her behaviour as being governed by the basic standards
of rationality she shares with us (cf section 4.2.1). They are, because of their appeal to
rationality, description and explanation (rationalization) in one. Likewise, it is in justify-
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ing the predictions that a didactical structure makes, that an appeal to pupils' rationality
comes in. For it will then be assumed that when devising experiments pupils will think
of ones that can reasonably be expected to give answers (to questions they preferably
posed themselves); that they will base their hypotheses in a sound way on the relevant
evidence and will collect appropriate new evidence in order to choose between various
hypotheses; that they will be able to find out how each of them uses his or her words
(that they will be able to set up the right sort of triangular relations, cf section 4.3); that
they will see the point of agreeing to use some terms in a particular way, etc.
By comparing the predictions of a didactical structure to what actually does happen in a
series of lessons, a didactical structure goes empirical. The point of this comparison is
not to empirically test whether pupils are rational or not. In fact, in order to make the
comparison, what actually does happen will first have to be interpreted in terms of what,
at various stages of the process, pupils believe, mean by what they say, intend to
achieve with what they do, etc. Again, such an interpretation requires a background of
rationality. To say that pupils have beliefs, desires, intentions, or that they perform
intentional actions, etc, is to say that they are rational.1)
   The point of the comparison is rather to improve the didactical structure. Suppose, for
instance, that what pupils actually do cannot be understood as an action of the kind that
would be reasonable to perform if they held the beliefs and desires that, according to the
didactical structure, they were assumed to hold. If, on the other hand, what they actually
do can be understood as an intentional action, as something that is reasonable to perform
in the light of other beliefs and desires, the comparison then thus calls in question
whether pupils actually hold the beliefs and desires they were, according to the
didactical structure, assumed to hold. One may then look further back and try to under-
stand why it is that pupils actually hold such and such beliefs and desires instead of the
ones they were supposed to hold. One may thus e.g. conclude that much more
preliminary work than supposed by the didactical structure has to be done before pupils
will actually hold the beliefs and desires in the light of which it is reasonable to perform
an action of the kind that, according to the didactical structure, they were supposed to
perform. So if it still is desirable in the light of the further development that pupils come
to perform an action of that kind, one may e.g. adjust the didactical structure by adding
some appropriate preliminary work.
As for any empirical theory, there are of course no strict rules that tell where (and
which) adjustments are to be made to the didactical structure. Moreover, because a
didactical structure is a complicated and highly interrelated complex, necessary changes
in one area of the didactical structure are likely to be accompanied by changes in several
other areas. So when researchers, preferably in close cooperation with teachers, in this
way study the outcomes of their efforts to bring about a problem-posing educational
process, they will, like pupils in their study of physical phenomena, have to engage in a
                                        
1. To say that pupils are rational is not to say that they never act irrationally. In fact, only rational creatures can,
once in a while, be irrational. Irrationality does not apply to the non-rational; it is a failure within the house of
reason.
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process of rational accommodation. If they are forced to adjust the didactical structure,
they must do so as rationally as possible and stand ready to tinker where tinkering does
the most good. I note in this respect that the more detailed a didactical structure is, the
more a comparison with what actually happens will direct one's attention at points
where it stands in need of improvement. Furthermore, by carefully trying to understand
what pupils actually do and say, they themselves may, as it were, suggest adjustments at
those points.
The aim of improving didactical structures is not the same as the aim of improving
empirical theories in the physical sciences. Theories of the latter kind aim at a vocabu-
lary containing concepts with precise conditions of application and at a closed system of
strict laws in which those concepts are related, such that (the probability of) the occur-
rence of events, as described in that vocabulary, can be predicted and explained with
(maximum) precision by the strict laws. The ultimate aim of at least basic, fundamental
physics is to explain all that happens according to this mode of explanation. So if
described in the appropriate (physical) terms, it may eventually be possible to thus
explain and predict with precision everything that happens in a classroom. A didactical
structure cannot aim at that, however. For a didactical structure essentially deals in
mental concepts such as belief, desire, meaning, intention, etc. And it is precisely
because those mental concepts only have application against a background of rationality
that they resist incorporation into the closed system of strict laws that a developing
physics aims at (cf section 4.4.2). A didactical structure does not predict or explain by
recourse to a system of strict laws, but by an appeal to rationality.
   The aim of improving didactical structures thus cannot be to eventually arrive at 'the
ultimate' didactical structure, one which is guaranteed to lead to the predicted result in
exactly the predicted way. There is also no need for such an ultimate didactical
structure, however. What matters is whether a didactical structure is 'good enough' -
whether it serves as a valuable guideline for understanding and guiding what goes on in
actual classes. In each of these classes, however, the process will without doubt
meander in a somewhat different way around the main path predicted by the didactical
structure. So the aim is a didactical structure that is 'good enough.' Several revisions
will generally be needed before the didactical structure can be judged as 'good enough'
and the first revisions will most likely lead to considerable improvements (as may
become clear from section 7.4). But no matter how many revisions have been made, no
education could ever be successful without the creativity of a rational teacher who
guides the process.2)
7.4 Some mistakes and improvements
In this section I pay attention to some of the mistakes and improvements I made (i.e., I
                                        
2. This is why I think a computer cannot fully replace a good human teacher as long as it has not passed
Turing's test. I refer to Davidson (1990a) for a modification of Turing's original proposal to test whether an
artificial machine thinks (believes, wants, speaks, intends, etc.)
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made the mistakes and others made some of the improvements) in the process of
constructing a didactical structure of the topic of radioactivity. The mistakes and
improvements concern the first version of the didactical structure, and in particular my
expectations about pupils' actions in relation to tasks given to them. I present the
mistakes as cases in which my expectations about pupils' actions are too far out of line
with (my interpretation of) what the pupils actually did in the first try-out. I have tried to
so choose  jljljl                                                                                                        
 and describe the mistakes and improvements that I think my remarks on them do not
specifically concern the topic of radioactivity, but may be of more general use.
7.4.1 Too unspecific formulations
An often recurring mistake concerning the first version was that a given task did not
direct pupils' attention to what had been intended. From an analysis of their reactions to
such a task, I conclude that quite often the rather unspecific formulation of the task had
led them astray. A first case to illustrate this point at is the recurring use of the word
'dangerous,' for instance in questions such as: Do you think it is dangerous that the jar
with radioactive stones is in your classroom?; Do you think it is dangerous to stand at
about a hundred feet from a vessel of radioactive waste?; Is it dangerous at the X-ray
department of a hospital? Furthermore, chapter 2 of the first version of the textbook is
called 'Is radioactivity always dangerous?,' and chapter 3 'Are irradiated objects
dangerous?' One of the sections of the latter chapter reads (in translation) as follows.
3-2 FOOD IRRADIATION
Radioactive radiation is sometimes used in order to make food keep longer. Straw-
berries, for example. Strawberries quickly go off because they are easily effected by
bacteria. When strawberries are irradiated the bacteria die. The strawberries will then
keep longer. Potatoes too are irradiated in order to prevent that they will sprout.
[Pictures of irradiated and not irradiated strawberries and potatoes]
There is a factory in Ede where food is irradiated by radioactive radiation. Below is a
drawing of the room in which that happens. The radioactive radiation is emitted by a
closed source at the centre of the room. Crates with food rotate around the source.
[Drawing of irradiation room]
2 Irradiated food is actually sold in shops. Some people protest against that. They say
it is dangerous to eat irradiated food. But then others say it is not dangerous at all.
a Do you think it is dangerous to eat irradiated food? Why?
b How would you check whether it is dangerous to eat irradiated food?
In order to check whether or not it is dangerous to eat irradiated food, it would be best
to use real irradiated food. But on food as it is sold in shops it does not say whether it
has been irradiated or not. In order to be sure that you've got irradiated food, you
would in fact have to go to the factory in Ede. But that would take too much time.
3 a Think of an experiment that can be carried out in the classroom and that simulates
the irradiation of food on a small scale.
Also note down all the things you need for that experiment.
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b How can you check in this simulated situation whether or not it is dangerous to
eat irradiated food?
Although I was to some extent aware of the rather unspecific nature of such
formulations of tasks and questions when writing the first version of the textbook, I
nevertheless used those formulations mainly for the reason that thus the tasks and
questions would link up with existing knowledge, interests and concerns of pupils. For
pupils know, for example, that radiation (or: radiation*) has harmful effects, they are
concerned to maintain good health and so they will be interested in ways to prevent that
the harmful effects will occur. Moreover, one of the aims of the lesson series is that
pupils, whereas initially they are likely to judge every situation having to do with
radioactivity as dangerous, learn to differentiate among such situations: that one can
easily protect oneself against closed sources by keeping some distance; that objects will
not emit radiation because of being irradiated, etc. The problem is, however, whether, if
that is the aim, it is appropriate to keep framing the questions and tasks in unspecific
terms such as 'dangerous.' That it is not I will briefly try to illustrate at some reactions
of pupils who worked with the first version of the textbook.
Some of the reactions were as follows: "if it were dangerous, you [the teacher] would
not have allowed the presence of the jar in the classroom, would you?;" and to question
2a above: if it were dangerous, "they would not sell it in shops" or "we would have been
ill for a long time." Although such reactions make a lot of sense, of course, I had not
intended them.
   What I intended to achieve with question 2b and 3b above, was that pupils would want
to check with a Geiger counter whether irradiated food emits radiation. So what I really
wanted to ask was whether irradiated food is radioactive, whether one receives radiation
from irradiated food (and thus has a chance of being affected by it). So I meant
'dangerous' to be understood as something like 'emitting radiation and because of that
potentially harmful.' But of course the term 'dangerous' is not specific enough to be
understood in precisely this way. Opponents of food irradiation, for instance, argue that
irradiated food may have harmful effects, not because it is radioactive but because the
irradiation may have caused chemical changes in the food. Some pupils too understood
the term 'dangerous' not as I intended. They argued as follows: "You first have to know
how many radiation a human being can stand and then you simply have to measure with
a Geiger counter how much radiation those strawberries emit." For those pupils,
irradiated strawberries may indeed emit radiation while they are not dangerous -as long
as the amount of radiation they emit is below what a human being can stand. Other
pupils suggested to test whether it is dangerous to eat irradiated food by using
experimental animals and "to let the one eat irradiated food and the other not." For
those pupils, whether or not the food is dangerous will show up in whether or not the
one animal's physical condition will deteriorate in comparison to the other animal's.
Although their suggestion does indeed constitute a plausible test for what they thought
they were asked to test, it is not what I intended them to suggest -let alone to actually
carry out.
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The same sort of comments apply to what I intended them to learn from their simulation
of food irradiation in task 3 above, namely: what they had irradiated had not become
radioactive. So what I really wanted to ask was whether what they irradiated emits
radiation, whether one receives radiation from it (and thus has a chance of being
affected by it). Again, I meant 'dangerous' to be understood as something like 'emitting
radiation and because of that potentially harmful.' And again, the term 'dangerous' is
not specific enough to be understood in precisely this way. Not only can it, as above, be
understood as applying to the potential harmfulness of an irradiated object for other
reasons than that object's emitting radiation, but also as applying to the process of
irradiation -to the potential harmfulness of that process for the irradiated object itself.
This may explain why some pupils found it strange to conclude that irradiation is not
dangerous. For those pupils, the term 'dangerous' was not specific enough to make them
focus on what I intended them to focus on.
   I hope it is clear that the above should not be read as making a plea for never using
unspecific words such as 'dangerous.' My point is that, if more specific and mutually
understood terms are available, those more specific terms be used in order to secure as
much as possible that the pupils understand the given tasks in the same way and as
intended, are challenged to use those terms themselves in e.g. their proposals for
experiments and descriptions of results, and are able to reach mutual agreements on e.g.
the results of their experiments. In fact  it is an essential feature of their progress that
pupils are going to use and understand specific terms in a mutually agreed way. An
essential part, for instance, of their learning to differentiate among situations having to
do with radioactivity, every one of which they initially were likely to judge as
dangerous, is precisely that they are going to characterize such situations in the terms
they have (e.g. in the first period, cf section 6.3.2) mutually agreed to use in a specified
way -terms like 'is radioactive,' 'emits radiation,' 'is irradiated,' etc.
Let me illustrate the same point at yet another experience with the first version of the
textbook. The example relates to chapter 4 of that textbook, a chapter called 'How to
protect oneself?' In chapter 3 the term 'is contaminated' had been introduced as
applying to objects that contain radioactive material. Furthermore it had been noted that
contaminated objects emit radiation and, in particular, receive radiation from the
radioactive material they themselves contain. The question in chapter 4 that I now want
to focus on is the following.
   What ways do you know to take care that one receives as less radiation as possible?
My expectation was that the pupils would think both of ways to take care that one does
not get contaminated and of ways to take care that one does not get irradiated (by an
external source). It turned out, however, that they did not. They just mentioned some
well-known protection measures: shelters of lead and concrete, lead aprons, keeping
distance. On the other hand, when the teacher then mentioned some other measures,
such as wearing a gas mask and taking a shower, the pupils were quite capable of
explaining that such measures are useful because they take care that one does not get
contaminated or because, if one already is contaminated, they may reduce the
contamination. So although they were able, when given measures to prevent or reduce
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contamination, to judge such measures useful precisely for the reason that they prevent
or reduce contamination, the above question did not challenge them to themselves come
up with ways to prevent or reduce contamination. But if we want to challenge them to
do the latter, then why not explicitly ask them to do so, given that the appropriate terms
to do so are available in a mutually understood way? For instance as follows:
Think of some ways to take care that one does not get contaminated.
Think of some ways to take care that one does not get irradiated (by an external
source).
7.4.2 Too little coherence
Another mistake concerning the first version was that sometimes the pupils did not
perceive the coherence between successive tasks or did not perceive the intended coher-
ence. A series of tasks for which this happened to be the case is taken from chapter 2 of
the textbook, a chapter called 'Is radioactivity always dangerous?' One of the sections of
that chapter reads (in translation) as follows.
2-3 SOURCES WITH RADIOACTIVE MATERIAL
In the previous section you have noted that R-sources3) need not always be dangerous.
At some distance from a jar with radioactive stones, for example, it was no longer
dangerous.
The stones in the jar emit radioactive radiation. That is why we call those stones
radioactive. At some distance one hardly measures the radioactive radiation that is
emitted by the stones. The Geiger counter then ticks as fast as when the jar with stones
would not be there.
This is the same with sound. If one stands at a far enough distance, one cannot hear (or
measure) the sound that is emitted by a radio.
4 Up to how far can the radiation from the jar with radioactive stones still be measured?
How did you check that?
5 The jar with radioactive stones is an example of a source that contains radioactive
material.
a Do you know any other sources that contain radioactive material?
Which?
b Up to how far do you estimate that the radiation from those sources can still be
measured? Why do you think so?
[Picture of some nuclear fuel elements, with the subscription: "In a nuclear power
station there are rooms in which radioactive material is stored. Those rooms have thick
concrete walls."]
6 In the Netherlands there are two nuclear power stations. In Borsele and in Dode-
waard.
[Map of the Netherlands, in which Borsele and Dodewaard are indicated. Pictures of
                                        
3. In chapter 1 of the textbook this term had been introduced to characterize an object or apparatus in the vicinity
of which a Geiger counter starts ticking.
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the nuclear power stations in those places.]
Do you think that where you live one can still measure radiation from those nuclear
power stations? Why?
[Picture of the nuclear power station in Chernobyl before the accident.]
Unfortunately, accidents happen now and then in nuclear power stations. Perhaps you
can still remember the accident with a Ukrainian power station in Chernobyl that
happened in 1986. The picture above shows the power station in Chernobyl before the
accident. Below after the accident.
[Picture of the nuclear power station in Chernobyl after the accident.]
7 Also in the Netherlands radiation was measured because of the accident in the nuclear
power station in Chernobyl. Chernobyl is more than 1500 km away from the
Netherlands.
a Could we in the Netherlands measure radiation from the nuclear power station
in Chernobyl before the accident had happened? Why?
b How come that after the accident we could measure radiation from it in the
Netherlands?
8 The jar with radioactive stones is standing in front of the classroom. You have already
learned that at the back of the classroom you won't receive radiation from it.
Think of what would have to happen in order that at the back of the classroom
radiation can be received by it.
I think the idea behind this series of tasks will be clear to anyone who already
understands the point of distinguishing between open and closed radioactive sources.
Starting with a source containing radioactive material that pupils have worked with (the
jar with stones) and of which they have already noted that at some distance one hardly
measures the radioactive radiation that is emitted by it (task 4), pupils are asked to say
of other sources containing radioactive material (task 5), and in particular nuclear power
stations (task 6), up to how far they think the radiation emitted by those sources can still
be measured. It is expected that, aided by the suggested analogy to the jar with
radioactive stones, they will be inclined to believe that if one stands at a far enough, but
still rather limited distance, one also will not measure any radiation emitted by those
sources. In particular, they will then hold that before the accident in Chernobyl
happened no radiation from it could be measured in the Netherlands (task 7a), and thus
see the point of the question why after the accident it could (task 7b). Furthermore it is
expected that pupils will use whatever they know about the Chernobyl accident when
thinking about what would have to happen in order that at the back of the classroom
radiation can be received by the jar with stones (task 8). Finally it is expected that they
will use whatever they have learned from their attempts to make it the case that at the
back of the classroom radiation is received (e.g., that simply to open the jar is not
sufficient), to (re)consider how it can be that after the Chernobyl accident radiation
could be measured in the Netherlands.
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From an analysis of their reactions to this series of tasks, I conclude that there is too
little coherence in it for the pupils. Although for them too the jar with stones and the
power station in Chernobyl, for examples, are similar in the sense that both contain
radioactive material and that from both of them, if properly sealed, hardly any radiation
can be measured (at some appropriate distance), this similarity was not relevant,
important or striking enough for them in order to transfer things known or learned about
the one situation to the other.4) In response to task 7b, for instance, both the power
station's being broken (because of an explosion) and the wind were mentioned by pupils
as important factors. In response to task 8, however, none of them mentioned wind, as
can be expected if they treat the situation of the jar in the classroom as a situation not
relevantly related to the situation of the power station in the open air. To further
illustrate that the two situations are not relevantly similar for pupils, the suggestions
"double the amount of stones a few times" and "more stones," in response to task 8, can
be mentioned. Carrying out that suggestion would, for them, make the two situations
more similar. In the same vein a pupil remarked, after having concluded that simply
opening the jar is not sufficient to measure radiation at the back of the classroom, that
"if the jar was very strong like Chernobyl" simply opening it would have been
sufficient. The coherence between e.g. tasks 7 and 8, which I expected to emerge from
thinking back and forth between the two similar (for me) situations, did not emerge for
the pupils (or at least not in the way I intended).
The aim of tasks 7 and 8 above was that the pupils made progress by thinking back and
forth between the Chernobyl accident and their attempts to make it the case that at the
back of the classroom radiation can be received by the jar with stones. The aim was not
reached because their not finding the Chernobyl-situation and the 'jar with stones'-
situation relevantly similar prevented that their actions in the 'jar with stones'-situation
were guided by what they knew about the Chernobyl-situation. Having put matters this
way, a way to improve matters suggests itself: if pupils are to make progress by thinking
back and forth between two situations, the two situations should already be relevantly
similar for the pupils before they have made the progress (and not just be relevantly
similar to someone who already has made the progress). For the case at hand, I now
briefly sketch a concrete attempt at improvement along the suggested line.5) It simply
consists in replacing the 'jar with stones'-situation by a classroom-situation in which
pupils can act, as is the case for the 'jar with stones'-situation, and that pupils already
before they are going to act in it find relevantly similar to the Chernobyl-situation, as is
not the case for the 'jar with stones'-situation. The idea is that a classroom-situation
meeting these conditions can be brought about by first giving pupils a task like the
following.
                                        
4. The relevance or importance of the similarity derives, of course, from the fact that it is only when the
radioactive material is somehow able to escape from what used to contain it (the jar, the power station), that
radiation can be measured at a fairly large distance from where the radioactive material was originally
contained. However, it is precisely this fact that the pupils do not yet know and that, conversely, they are
supposed to learn from carrying out their suggestions to task 8.
5. For details I refer to chapter 8. I owe the idea for the concrete improvement to Hans Créton, who by
suggesting it helped me overcome the deadlock in my own up to then unsuccessful attempts.
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A small scale 'nuclear power station'
In your classroom lies some radioactive material. Now suppose that is the material that
will be used in a nuclear power station. So the required radioactive stuff is ready.
There is just this problem: the power station itself is not yet there.
It is up to you to go build the 'nuclear power station.' Or better: a storage room in it.
That is, a room in which the radioactive stuff can be safely stored. The storage room
of your 'power station' thus has to meet one important condition. Outside your 'power
station' one should receive no radiation from the radioactive stuff stored inside.
Devise a building plan for the storage room in your 'nuclear power station.' Make sure
that your plan can actually be carried out.
In the process of carrying out their building plans, the pupils will eventually build their
own 'nuclear power station,' which meets the required condition. By construction, then,
their 'nuclear power station' is relevantly similar to real nuclear power stations in the
sense that it meets an important safety requirement that -obviously, and well-known to
pupils- real nuclear power stations have to meet as well. Moreover, after the accident
the power station in Chernobyl clearly, and usually still well-known to pupils, did not
meet the safety requirement for some time: even in the Netherlands, at more than 1500
km from Chernobyl, radiation could be measured after the accident had happened. A
follow-up task, in which the pupils are going to act in the 'power station of theirs'-
situation they themselves have just created, and in which it is likely that their actions are
going to be guided by what they know about the Chernobyl accident, now suggests
itself.
Imitations of the Chernobyl accident
You have just built a 'nuclear power station.' Let us call the place where it is standing
'Chernobyl.' And let us call some place at the opposite side of the classroom 'the
Netherlands.'
How can it be brought about that radiation is measured in 'the Netherlands?' What
would have to happen for the latter to be the case?
Write down a plan to make it the case that radiation is measured in 'the Netherlands.'
Or several such plans if you can think of more than one. (Make sure, however, that all
your plans can actually be carried out.)
7.4.3 Too little preparation
Let me go back to the original series of tasks (tasks 4 to 8 above), in order to draw
attention at some other mistakes in my intentions with them and expectations about
them. It was not my aim that the pupils in the process of working on these tasks would
come to recognize, and come to understand in a particular way, some central theme, and
come to formulate some problem relating to that theme. I rather assumed that the pupils
would recognize the central theme that I recognized in the tasks -something like: under
what conditions can where radiation be measured. I further assumed that they would
understand the problem relating to that theme as I did, and so would understand the
tasks as I did. My aim simply was that the pupils in the process of working on these
tasks would come to solve the problem. My expectation was that they could, that in
carrying out the tasks they would find out something like: in order that radiation can be
measured at a large distance from a radioactive source, it must have been the case that
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radioactive material has escaped from that source. No further preparation and guidance
would be needed.
   Below I describe fragments of what, concerning these tasks, actually did happen in the
try-outs of the first version, and how I think those fragments of what actually did happen
relate to the just mentioned complex of assumptions, aims and expectations concerning
these tasks. I have picked out fragments that have made me doubt about that complex of
assumptions, aims and expectations, and have thus contributed to my arriving at ideas to
detail the global outline in a more problem-posing manner.
The most important thing to note is that in the course of carrying out the tasks many
pupils did not, contrary to my expectation, arrive at something like:
In order that radiation can be measured at a large distance from a radioactive source, it
must have been the case that radioactive material has escaped from that source. (A)
I think that several factors contributed to their not arriving at something like A. The first
one is, paradoxically, the exclusive aim to make them arrive at something like A. This
exclusive aim made the teacher 'hear more' in what the pupils said than I think they
actually meant to say, and in particular it made him hear them say something like A
when, in fact, I think that by saying what they said they did not mean anything like A at
all. In response to task 8, for instance, the pupils not only brought forward the already
mentioned suggestions "double the amount of stones a few times" and "more stones,"
but also the following ones: "open the jar," "take the stones out of the jar," and "smash
the jar." The teacher heard in the latter suggestion something like A, i.e., a suggestion
to smash the jar so violently that the stones will crack and pieces of them will spread all
around. For when he addressed the suggestion, he immediately took a board eraser,
threw it to the floor, and noted that the chalk powder spreads all around. I think,
however, that the suggestion to smash the jar should be understood on a par with the
suggestions to open the jar and to take the stones out of the jar, as all suggesting,
namely, to reduce the resistance and enable the radiation* to escape (cf section 2.5). I
feel strengthened in this interpretation by the fact that, while working on task 8, one of
the pupils in the group that made the suggestion to smash the jar remarked that "glass
partly stops the radiation, doesn't it." As a consequence the pupils did not add much to
what they already knew, namely that radiation* can be made to escape in several ways,
some of which are more efficient than others. As they understood it, they could agree
with the teacher's concluding remark on what had been established in task 8: "so we
have found that, while opening it perhaps makes a difference, it's still worse if it is
suddenly thrown very fast to the ground."
Furthermore, when subsequently the teacher asked them to reconsider their answers to
task 7b, there was not much to reconsider for them: they still held that radiation
(radiation*) was released, because of the explosion, and transported towards the
Netherlands, because the wind happened to blow in the direction of the Netherlands.
This is not surprising, of course, given that for them the Chernobyl-situation and the 'jar
with stones'-situation were not relevantly similar and, moreover, they had not arrived at
something like A in the 'jar with stones'-situation. The only thing that did become
problematic for them was the teacher's question: "but what was it that was blown
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towards us?" Or to be more precise, it was not so much the question itself that became
problematic, because they knew and had in fact just given the answer, but rather that the
teacher repeated the question again and again, and more and more emphaticly. That
must have given them the impression that the teacher was not satisfied with their
answer. This lead to a situation in which the pupils started to propose things that they
thought might please the teacher, a situation, moreover, that the teacher did not want to
be in and tried to extricate himself from. The below fragments may illustrate the awk-
wardness of the situation.
Anastasia: That was because of the wind.
Teacher: But what is it that was blown with the wind up to here?
Marian: Molecules.
Teacher: Ow! I find that a scary word. Why do you say ...?
?: Electrons.
?: Nuclei.
Teacher: That is a word I've never heard of. What do you [Anastasia] think was
blown up to here?
Several pupils: Radiation.
Anastasia: Well, those particles. I don't know.
Teacher: Those particles. In a moment we are to choose from ... and you will
have to talk about that with the others in your group for just a little
while, say, about ten seconds ... you are to choose from material ...
?: Atoms and cells.
Teacher: ... I said, material and radiation. What is it that was blown to here?
[While the groups are deliberating on the matter, all options are being called out:
"radiation," "material," "both."]
Teacher: What do you think?
[The teacher asks each of the six groups what they have chosen. Three groups have
chosen 'radiation,' two 'material,' while one group is divided on the matter.]
Teacher: Aha, here we have a problem.
[Several pupils are, rather excitedly, speaking at the same time. The teacher quiets
them down, and invites Bouzian to speak his mind.]
Bouzian: I think it gets inside the air particles and is then carried along with the
wind.
Teacher: What gets inside the air particles?
Several pupils: Radiation.
Teacher: Radiation gets inside.
Several pupils: Right.
...............................................
Bouzian: I think it got inside the air ... the radiation ...
Teacher: The radiation.
Bouzian: ... because that rain came down on the ... the farmers got into trouble,
because the ...
[A murmur of approval comes from some other pupils. I can discern additions such as
"Cows."]
...............................................
Teacher: Is it radiation that was blown up to here or is it ...? My car ... oh yes,
that just occurs to me ... my car looks a mess right now, it's like a
A Problem-Posing Approach
 
138
beach. How on earth did that come about?
Several pupils: Sahara sand.
Teacher: That's not Sahara sand, is it, that's Sahara radiation.
Eventually the teacher gave his solution to the (his) problem: because of the explosion
the radioactive material was spread around in many tiny pieces, all of which emit
radiation; those tiny pieces can be carried along with the wind for thousands of kilome-
tres, just like Sahara sand. All the time, however, there was not really a problem for
most of the pupils, though they did of course find out that to please the teacher they
would have to say something like material rather than radiation. In fact, in their
attempts to meet the teacher's standards (cf section 5.3.1), they came up with all sorts of
hybrid constructions such as air particles with radiation (radiation*) inside (cf Bouzian
above). Other examples are: "irradiated dust," "particles of radiation" and "dust
particles covered with radiation."
Probably many pupils did not recognize the central theme that the teacher and I recog-
nized in the tasks (under what conditions can where radiation be measured), but in any
case they did not, contrary to my assumption, understand it in the way the teacher and I
did. Nor did they come to appreciate the problem relating to it. They have probably
learned (if they did not already know) how it could have been that radioactive material
was transported from Chernobyl to the Netherlands, but certainly not why it must have
been that radioactive material was transported from Chernobyl to the Netherlands. Had
the pupils in the process arrived at conclusions such as
A geiger counter ticks near radioactive material, but no longer does so some distance
away from it. (B)
By applying a resistance (e.g. a lead covering), also nearby the Geiger counter does no
longer tick. (C)
Removing the resistance will make a Geiger counter nearby start ticking, but not a
Geiger counter some distance away. (D)
The Geiger counter some distance away also does not start ticking when there is a
draught towards it, even if the resistance has been removed. (E),
then those might have been intermediate steps in their coming to understand the central
theme in the intended way, in their coming to appreciate the problem relating to it, and,
eventually, in their arriving at something like A as part of the solution to that problem. I
have already noted that they did not arrive at conclusions like B to E, because for them
the 'jar-with stones'-situation was not relevantly similar to the Chernobyl-situation and
because of the exclusive aim to make them arrive at something like A. A way to
improve matters might be the following: replace the first version tasks 4 to 8 by the
alternatives suggested above ("A small scale 'nuclear power station'" and "Imitations of
the Chernobyl accident"); replace the aim to make them arrive at something like A by
the aim to make them arrive at something like B to E. The function of the two alterna-
tive tasks would thus be that they contribute to pupils' coming to understand the central
theme in the intended way and their coming to appreciate the problem relating to it.
   But even if those tasks do contribute to it, they still will not sufficiently prepare the
stage for pupils' coming to understand the central theme in the intended way and coming
to appreciate the problem relating to it. For what then also needs to be prepared is that
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the pupils no longer use expressions like 'x contains radiation*' (as in 'the radiation* got
inside the air' or 'the radiation* got inside the cows'). In section 6.2.3 I have already
argued that this might be achieved in a process in which the pupils more and more
consistently stick to an agreement made with regards to the expression 'x is radioactive,'
and in which they also come to conclude something like:
A Geiger counter does not start ticking near an object because of the fact that the
object has been irradiated. (F)
Now, in the first version something like F was not prepared until section 3-2 (see section
7.4.1 above), while if I am correct in my analysis, it was in fact already needed in
section 2-3. So what actually belongs together was, in the first version, too widely
separated, both in context (Chernobyl vs food irradiation) and time. Again, a way to
improve matters suggests itself: somehow merge sections 2-3 and 3-2 into a (for pupils)
coherent whole, while taking into account all the suggestions for improvement made
earlier.
I postpone to chapter 8 the further details of this merger or, alternatively, of my resolute
attempt to couch the case at hand in a more problem-posing form. Let me here just
make one more comment concerning a problem-posing approach. For one might argue
that also in a problem-posing approach the same danger looms as described above: to
'hear and see more' in what the pupils say and do than they actually mean to say and do,
e.g., if the aim was that they would come to frame some problem, the teacher or
researcher might easily hear them frame that problem while, in fact, they did not mean
to frame that problem at all. I do admit that there is some tension here, which ten
Voorde (1977) has called an anticipation tension. But I also observe that being aware of
the tension is already a first step in avoiding or reducing the danger associated with it.
Moreover, it will be remembered that it is the point of a problem-posing approach to
enable pupils to themselves perceive their learning process as an internally coherent one
with a certain direction that in important respects is being driven by their own questions.
But then it is clear that to directly march, as if blinkered, towards the aim (whether the
aim is that they come to frame some particular problem or arrive at a particular sol-
ution), and thus to 'hear and see much more' than is actually there, is to miss this point
altogether. If one really understands the point, one will, on the contrary, be even more
sensitive to find out what pupils actually say, believe, want, etc. And it is only then that
one can really learn something from a try-out, for the pupils will then, as it were,
themselves point at e.g. necessary intermediate steps that one had overlooked. In
chapter 10 I will say more about the teacher's efforts to deal with his anticipation
tension and to transform it into an attitude of being prepared to learn along with the
pupils.
7.4.4 Too early introduction of scientific terms
In this section I point at a consequence of mistakes described in previous sections:
premature introduction of scientific terms. Let me illustrate this at section 2-4 of the
first version of the textbook, which follows the above quoted section 2-3 of the
textbook. In section 2-4 (Open and closed sources), the distinction between open sources
(sources from which radioactive material is able to escape) and closed sources (for
A Problem-Posing Approach
 
140
which this is not the case) is introduced. Now, of course, there were some pupils who
were able to make the distinction as intended: one pupil said about a closed source that
"the material does not come out, but the radiation does;" another one remarked about
the jar with stones that "when it is dropped it will become an open source and then it is
possible that radioactive material will come out, and if then there is a breeze through the
classroom it will spread all over the classroom;" concerning one of the radioactive
materials that the pupils had worked with earlier, a bathroom tile, a pupil said that "it is
closed too, because the material does not now come out, does it, but only when you
smash it." Those pupils were able to make the distinction as intended, because they had
in section 2-3 arrived at something like A: that in order for it to be possible to measure
radiation at a large distance from a radioactive source, it must have been the case that
radioactive material has escaped from that source.
   In the previous section I have already noted that many pupils had not arrived at
something like A. For those pupils, the point of the distinction between open and closed
sources could thus not derive from their knowledge of something like A. Instead, they
had to find other characteristics on the basis of which they could use the words 'open
source' and 'closed source' distinctly, and in doing so they did not make the distinction
as intended. Here are some examples: concerning an open source a pupil said that
"everything that the source contains comes out," and concerning a closed source that
"nothing comes out of the source itself ... well, something does, but just a little bit;"
another pupil remarked that "only if the source emits, that is, only if it is open, you can
get radiation from it;" one group would hand out lead gloves to the personnel of an X-
ray department, because an X-ray machine "is an open source." Those pupils seem to
have found as characteristic difference that (almost) nothing comes out of a closed
source while quite a lot does come out of an open source. Somewhat related to this,
some pupils seem to have found as characteristic difference that closed sources are still
intact while in open sources the original resistance has been broken: "if it is not stopped
by anything, if for example the stone is just lying on the table, it is an open source;"
another pupil remarked that if the stone was just lying on the table, it still would not be
an open source because "it is inside the stones, first the stones would have to be totally
broken;" one group indicated that an X-ray machine would become an open source if
"the X-ray machine was smashed to pieces." Some pupils, finally, seem to have picked
up as characteristic difference that open sources are dangerous while closed sources are
not: "it is an open source, and thus dangerous."
   It is of course not strange at all that pupils who had not arrived at something like A
come to characteristic distinctions such as just a little bit/quite a lot comes out or
intact/broken when they hear such things as: "when it is dropped it will become an open
source and then it is possible that radioactive material will come out," or "it is closed
too, because the material does not now come out, does it, but only when you smash it."
Given e.g. the title of chapter 2, 'Is radioactivity always dangerous?,' the not-danger-
ous/dangerous distinction, finally, is very much suggested by the text itself, just as it is
in section 3-2 of the textbook (cf section 7.4.1 above).
   The above is meant to illustrate that (scientific) terms should not be introduced before
the pupils will be able, because they have come to see the point of introducing them, to
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interpret the terms as intended (cf section 5...). They should only be introduced when,
as it were, all that is lacking is just the words -in the case just discussed, the words
'open source' and 'closed source.'
7.4.5 Concluding remarks
From the examples in sections 7.4.1 to 7.4.4 it will be clear that the first version of the
didactical structure cannot be judged 'good enough.' In order to improve it some
structural, instead of merely cosmetic, changes are needed, and some suggestions for
changes have been made. The second version of the didactical structure that has resulted
from these changes will be described in the next chapter.
   In conclusion of this chapter I want to draw attention to the method of developmental
research itself, and especially to the use of constructing a problem-posing didactical
structure: a process of rational accommodation that pupils themselves are expected to
establish and give shape, guided of course by teacher and teaching materials. Firstly, it
is thus tried to secure that an actual process in which such a didactical structure is taken
as a guideline develops as explicitly as possible, in the sense that pupils' reasons for
doing what they are doing, the conclusions they reach, the questions they frame and
want to find an answer to, etc come forward as explicitly as possible. As a result,
pupils', teachers' and researchers' chances for a successful interpretation of what, at
various stages of the process, pupils believe, mean by their words, intend to achieve
with what they do, etc are increased. Secondly, it thus becomes possible to compare the
actual process with the one that pupils were expected to establish and give shape. As a
result, the comparison will lay bare where the didactical structure stands in need of
improvement, and may point at possible improvements.
   In short, the method of constructing a didactical structure of some topic, trying it,
reconstructing it in the light of the results of the try-out, retrying it, etc, is designed to
lead to a 'good enough' didactical structure of that topic. And in section 5.4.3 I have
already urged that it are 'good enough' didactical structures that science education
should strive at.
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KV UVCPFU KP PGGF QH KORTQXGOGPV +P UGEVKQP  + JCXG CNUQ PQVGF VJCV YKVJQWV VJG ETGCVKXKV[
QH C IQQF VGCEJGT PQ GFWECVKQP EQWNF GXGT DG UWEEGUUHWN +P EJCRVGT  + YKNN IQ KPVQ VJG
KORQTVCPV TQNG QH VJG VGCEJGT KP FGXKUKPI VT[KPI CPF KORTQXKPI VJG FKFCEVKECN UVTWEVWTG
#NQPI YKVJ VJG FKFCEVKECN UVTWEVWTG 
KP VJG HQTO QH C UEGPCTKQ CNUQ VJG VGZVDQQM VJCV RWRKNU
YQWNF JCXG VQ YQTM YKVJ YCU YTKVVGP 6JKU VGZVDQQM VJG HQTOCV QH YJKEJ + FGUETKDG KP
UGEVKQP  UJQWNF PQV DG VJQWIJV QH CU C EQPXGPVKQPCN VGZVDQQM DWV TCVJGT CU C UGSWGPEG
QH VCUMU QT YQTMUJGGVU #PF CNVJQWIJ KV UJQWNF PQV DG GSWCVGF YKVJ VJG FKFCEVKECN UVTWEVWTG
KV FQGU UGTXG CU C IWKFGNKPG HQT VJG DGNQY RTGUGPVCVKQP QH VJG FKFCEVKECN UVTWEVWTG 6JG FKFCEVK
ECN UVTWEVWTG KVUGNH KU UVTWEVWTGF CEEQTFKPI VQ VJG IGPGTCN QWVNKPG FGUETKDGF KP EJCRVGT 
5GEVKQP  EQPEGTPU VJG RTGRCTCVQT[ RGTKQF KP YJKEJ C ITQWPF NGXGN HQT VJG HQNNQYKPI
FGUETKRVKXG NGXGN GOGTIGU UGEVKQP  VJG VTCPUKVKQP HTQO VJKU ITQWPF NGXGN VQ C SWCNKVCVKXG
FGUETKRVKXG NGXGN 5KPEG KP O[ 2J&TGUGCTEJ + JCXG OCKPN[ HQEWUGF QP VJGUG VYQ RGTKQFU
# 2TQDNGO2QUKPI #RRTQCEJ
 *G CNUQ VQQM ECTG QH VJG NC[QWV

+ YKNN FKUEWUU VJGO CV NGPIVJ $GECWUG VJGTG KU JCTFN[ CP[VJKPI PGY KP KV + YKNN RC[ NGUU
CVVGPVKQP VQ CP GZVGPUKQP QH VJG FGUETKRVKXG NGXGN KP SWCPVKVCVKXG FKTGEVKQP 
UGEVKQP  KP
YJKEJ CURGEVU NKMG VJG RGPGVTCVKPI RQYGT QH TCFKCVKQP CPF VJG UVTGPIVJ CPF JCNHNKHG QH
TCFKQCEVKXG OCVGTKCNU CTG EQPUKFGTGF + CO PQV EQPHKFGPV CV CNN CDQWV VJG VTCPUKVKQP HTQO
FGUETKRVKXG NGXGN VQ VJGQTGVKECN NGXGN 
UGEVKQP  KP YJKEJ KV KU VTKGF VQ KPFWEG UQOG MKPF
QH VJGQTGVKECN PGGF 
EH UGEVKQP  CPF VQ KPVTQFWEG PWENGCT OQFGNU VJCV UCVKUH[ VJKU PGGF
+ FQWDV HQT KPUVCPEG YJGVJGT KV OCMGU UGPUG VQ GXGP VT[ VQ OGCPKPIHWNN[ KPVTQFWEG HCKTN[
FGVCKNGF UWEJ OQFGNU HQT OKFFNG CDKNKV[ RWRKNU QH CDQWV  [GCTU QH CIG 
VJG VCTIGV ITQWR
+P UGEVKQP  + IKXG UQOG ITQWPFU HQT VJQUG FQWDVU CPF GZRNCKP YJ[ VJGP KV JCU DGGP VTKGF
VQ KPVTQFWEG PWENGCT OQFGNU CV CNN +P UGEVKQP  HKPCNN[ + DTKGHN[ TGHNGEV QP VJG UVCVWU QH
VJG FKFCEVKECN UVTWEVWTG
 (QTOCV QH VJG VGZVDQQM
6JG VGZVDQQM YCU YTKVVGP D[ 9QWVGT /QGTOCP CPF OG CPF VJG VYQ QH WU TGIWNCTN[
EQPUWNVGF CPF IQV XCNWCDNG EQOOGPVU HTQO %JTKU ,CPUUGP 2KGV .KLPUG *CTTKG 'KLMGNJQH
4WRGTV )GPUGDGTIGT CPF *CPU %T¾VQP +V EQPUKUVU QH  #UK\GF RCIGU +P QTFGT VQ KPETGCUG
TGCFCDKNKV[ C TGNCVKXGN[ NCTIG NGVVGT KU WUGF UGPVGPEGU CTG MGRV TGNCVKXGN[ UJQTV CPF JCTFN[
CP[ RWPEVWCVKQP KU WUGF 
CRCTV HTQO ECRKVCNU CPF HWNN UVQRU + TGHGT VJG TGCFGT YJQ YKUJGU
VQ IGV CP KFGC QH YJCV VJG VGZVDQQM NQQMU NKMG VQ CRRGPFKZ  YJKEJ EQPVCKPU EQRKGU QH VJTGG
RCIGU QH VJG VGZVDQQM (KIWTG  IKXGU VJG EQPVGPVU QH VJG VGZVDQQM
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 3WGUVKQPU YG UVKNN PGGF VQ HKPF CP CPUYGT VQ 
 *QY ECP YG EQPEGKXG QH TCFKCVKQP! 
 *QY ECP YG EQPEGKXG QH 
TCFKQCEVKXG UWDUVCPEGU! 
 *CXG CNN SWGUVKQPU DGGP CPUYGTGF! 
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(KIWTG  %QPVGPVU QH VJG VGZVDQQM
+ JCXG CNTGCF[ PQVGF VJCV VJG VGZVDQQM KU PQV OCFG WR NKMG C EQPXGPVKQPCN VGZVDQQM +V FQGU
PQV QT JCTFN[ EQPVCKP GZRNCPCVKQPU QH VJGQT[ KPUVTWEVKQPU HQT GZRGTKOGPVU GZGTEKUGU GVE
+V TCVJGT EQPUKUVU QH C UGSWGPEG QH VCUMU D[ OGCPU QH YJKEJ VJG RWRKNU CTG EJCNNGPIGF VQ
VJGOUGNXGU VJKPM QH GZRGTKOGPVU ECTT[ VJQUG QWV FTCYEQPENWUKQPU HQTOWNCVG SWGUVKQPU VJG[
YCPV VQ HWTVJGT YQTM QP VJKPM CDQWV VJG OCKP VJKPIU VJG[ JCXG NGCTPGF QT OWVWCNN[ CITGGF
QP GVE (WTVJGTOQTG KV JCU DGGP VTKGF VQ UGSWGPEG VJG VCUMU KP UWEJ C YC[ VJCV CNN CNQPI VJG
RWRKNU VJGOUGNXGU MPQY YJCV VJG[ CTG FQKPI CPF YJ[ CPF VJCV D[ DWKNFKPI QP YJCV VJG[
CNTGCF[ MPQY CTG IKXGP CORNG EJCPEG VQ HWTVJGT GZVGPF YJCV VJG[ CNTGCF[ MPQY FTKXGP D[
YJCV VJG[ VJGOUGNXGU CTG FQKPI D[ VJGKT TGCUQPU HQT FQKPI KV CPF D[ VJG EQPENWUKQPU VJG[
TGCEJ CPF RTQDNGOU VJG[ GPEQWPVGT CU C TGUWNV QH FQKPI KV #U YKNN DGEQOG ENGCT DGNQY VJG
HWPEVKQP QH OCP[ VCUMU KU HQT KPUVCPEG PQV UQ OWEJ VJCV FGHKPKVG EQPENWUKQPU CTG TGCEJGF
DWV TCVJGT VJCV VJG[ EQPVTKDWVG VQ OCMKPI RWRKNU UGG VJG RQKPV QH QT GXGP VQ RWRKNU	 RWVVKPI
HQTYCTF RTQRQUCNU HQT HQNNQYKPI CEVKXKVKGU (WTVJGTOQTG VJG UWOOCTKGU CV VJG GPF QH GCEJ
EJCRVGT KP OCP[ ECUGU EQPUKUV QH LWUV VJG VYQ JGCFKPIU 	+ORQTVCPV VQ TGOGODGT	 CPF
	3WGUVKQPU YG UVKNN JCXG VQ HKPF CP CPUYGT VQ	 
UGG CRRGPFKZ  HQT CP GZCORNG +V KU WR VQ
VJG RWRKNU IWKFGF QH EQWTUG D[ VJG VGCEJGT VQ PQVG FQYP WPFGT VJGUG JGCFKPIU YJCV HQT
VJGO CTG VJG KORQTVCPV VJKPIU VQ TGOGODGT HTQO YJCV VJG[ JCXG FQPG KP VJG EJCRVGT CPF VJG
SWGUVKQPU YQTVJ HKPFKPI CP CPUYGT VQ VJCV JCXG CTKUGP YJKNG YQTMKPI VJGKT YC[ VJTQWIJ VJG
# 2TQDNGO2QUKPI #RRTQCEJ
 + FQ PQV UGG CP[ RQKPV KP VT[KPI VQ FTCY C UJCTR NKPG DGVYGGP HQT KPUVCPEG VJG HKTUV CPF UGEQPF RGTKQF 6JGTG
UKORN[ KU PQ UWEJ UJCTR NKPG

EJCRVGT TGURGEVKXGN[
5Q VJG VGZVDQQM CU VJG RWRKNU IGV KV KU PQV [GV C VGZVDQQM CV CNN +V KU TCVJGT UQOGVJKPI VJCV
JGNRU VJG RWRKNU KP YTKVKPI VJGKT QYP VGZVDQQM +VU HWPEVKQP KU VQ OCMG VJG RWRKNU OQTG
KPXQNXGF KP VJGKT QYP NGCTPKPI RTQEGUU CPF VQ IKXG VJGO OQTG EQPVTQN QXGT VJG RTQITGUU VJG[
OCMG YKVJ TGURGEV VQ EQPVGPV (QT VJG[ CTG GZRGEVGF VQ DG OQTG KPXQNXGF YJGP VJG[ CTG
EJCNNGPIGF VQ ECTT[ QWV VJGKT GZRGTKOGPVU VQ FTCY VJGKT EQPENWUKQPU VQ HQTOWNCVG VJGKT
SWGUVKQPU GVE #PF VJG[ CTG GZRGEVGF VQ VCMG OQTG EQPVTQN QXGT VJGKT RTQITGUU YKVJ TGURGEV
VQ EQPVGPV YJGP VJG[ CTG EJCNNGPIGF VQ TGHNGEV QP VJGKT QYP NGCTPKPI RTQEGUU YJCV JCXG YG
FQPG CPF YJ[! YJCV JCXG YG NGCTPGF CPF JQY! YJCV FQ YG UVKNN JCXG VQ HKPF QWV! GVE
+ LWUV PQVG JGTG CPF YKNN FKUEWUU CV ITGCVGT NGPIVJ KP EJCRVGT  VJCV IKXKPI VJG RWRKNU
OQTG EQPVTQN QXGT CPF VJWU OQTG TGURQPUKDKNKV[ HQT VJGKT RTQITGUU YKVJ TGURGEV VQ EQPVGPV
FQGU PQV KORN[ VJG VGCEJGT	U NQUU QH EQPVTQN QT TGURQPUKDKNKV[ DWV QPN[ C UJKHV KP JKU QT JGT
EQPVTQN CPF TGURQPUKDKNKV[ C UJKHV VQYCTFU RTQEGFWTCN EQPVTQN CPF TGURQPUKDKNKV[ HQTOCPCIKPI
VJG RTQEGUU 6JG VGCEJGT YKNN GI JCXG VQ VCMG ECTG VJCV GCEJ ITQWR QH RWRKNU JCU KVU UC[
RTCKUG GCEJ ITQWR HQT KVU EQPVTKDWVKQPU OCMG VJG ITQWRU ECTGHWNN[ NKUVGP VQ GCEJ QVJGT
EJCNNGPIG VJGO VQ TGCEJ CITGGOGPVU GVE 6JG UJKHV VQYCTFU RTQEGFWTCN EQPVTQN CNUQ KPXQNXGU
C UJKHV HTQO YCPVKPI VQ OCMG VJG RWRKNU UC[ CPF FQ RCTVKEWNCT VJKPIU 
YKVJ VJG CUUQEKCVGF
FCPIGT QH 	JGCTKPI CPF UGGKPI OWEJ OQTG	 KP YJCV VJG RWRKNU UC[ CPF FQ VQYCTFU VJG
VGCEJGT	U DGKPI OQTG RTGRCTGF VQ HKPF QWV YJCV VJG RWRKNU CEVWCNN[ FQ UC[ DGNKGXG YCPV
GVE CPF VQ OCVEJ JKU QT JGT IQCNU VQ YJCV VJG[ CEVWCNN[ UC[ DGNKGXG YCPV GVE 
EH UGEVKQP
 +V OC[ VJWU JGNR VJG VGCEJGT VQ DGVVGT FGCN YKVJ JKU QT JGT CPVKEKRCVKQP VGPUKQP D[
VTCPUHQTOKPI KV KPVQ CP CVVKVWFG QH DGKPI RTGRCTGF VQ NGCTP HTQO VJG RWRKNU 
KDKF VQ DGVVGT
NKPM WR YKVJ VJG RWRKNU	 WUG QH YQTFU VQ IKXG OQTG CFGSWCVG HGGFDCEM GVE
 6JG GOGTIGPEG QH C ITQWPF NGXGN
6JG HKTUV RGTKQF KP YJKEJ C ITQWPF NGXGN HQT VJG HQNNQYKPI FGUETKRVKXG NGXGN GOGTIGU 
EH
UGEVKQP  OQTG QT NGUU VCMGU RNCEG KP EJCRVGT  CPF UGEVKQPU  VQ  QH VJG VGZVDQQM
+P JGTG KV KU VTKGF D[ NKPMKPI WR YKVJ VJGKT GZKUVKPI MPQYNGFIG KPVGTGUVU CPF WUGU QH
NCPIWCIG VQ KPFWEG KP RWRKNU C INQDCN OQVKXCVKQP HQT VJG VQRKE CPF C YCPV VQ GZVGPF VJGKT
MPQYNGFIG CPF WUGU QH NCPIWCIG KP EGTVCKP YC[U #U TGICTFU VJG WUGU QH NCPIWCIG KV KU VTKGF
VQ OCMG VJGO CITGG HQT TGCUQPU VJCV OCMG IQQF UGPUG VQ VJGO QP C URGEKHKE WUG QH KP
RCTVKEWNCT VJG VGTO 	KU TCFKQCEVKXG	 PCOGN[ CU CRRN[KPI VQ QDLGEVU KP VJG XKEKPKV[ QH YJKEJ
C)GKIGT EQWPVGT UVCTVU VKEMKPI%QPEGTPKPI VJG MPQYNGFIG KV KU VTKGF VQOCMG RWRKNU TGEQIPK\G
VJCV VJG[ FQ PQV [GV MPQY VJG UQNWVKQP VQ VJG IGPGTCN RTQDNGO JQY VJKPIU ECP DG OCFG
TCFKQCEVKXG 
KP VJG CITGGF UGPUG CPF JQY PQV D[ DTKPIKPI VJGO KP UWEJ C RQUKVKQP VJCV VJG[
VJGOUGNXGU EQOG VQ RQUG VJKU RTQDNGO $[ UGVVKPI VJG CKO VJCV VJG RWRKNU VJGOUGNXGU EQOG
VQ RQUG VJG RTQDNGO CPF EQOG VQ WPFGTUVCPF KV KP CEEQTFCPEG YKVJ VJG CITGGOGPVU OCFG
GCTNKGT KV KU VTKGF VQ UGEWTG CU YGNN CU RQUUKDNG VJCV VJG RTQDNGO JCU C ENGCT OGCPKPI VQ VJGO
CPF VJCV VJG[ YKNN CRRTGEKCVG CP CVVGORV VQ UQNXG KV CU KPVGPVKQPYQTVJ[
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[
 +V KU PQV QPN[ HQT VJKU TGCUQP VJCV KV KU WUGHWN HQT VJG VGCEJGT VQ JCXG CXCKNCDNG C EQNNGEVKQP QH PGYURCRGTEWVVKPIU
EQPEGTPKPI VJG VQRKE QH TCFKQCEVKXKV[ .CVGT QP VJKU EQNNGEVKQP YKNN CICKP DG WUGF 
UGG UGEVKQP 
 6JTQWIJQWV VJKU EJCRVGT + RTGUGPV VCUMU QH VJG VGZVDQQM + JCXG VTKGF VQ DG CU HCKVJHWN CU RQUUKDNG VQ VJG &WVEJ
QTKIKPCNU +P VJG RTGUGPVCVKQPU + JCXG PQV KPENWFGF JQYGXGT VJG URCEGU KP YJKEJ VJG RWRKNU CTG VQ PQVG FQYP
VJGKT CPUYGTU

 # INQDCN QWVNQQM
6Q UVCTV VJG NGUUQP UGTKGU VJG VGCEJGT RCIGU VJTQWIJ VJG VGZVDQQM YKVJ VJG RWRKNU YJKNG
RQKPVKPI CV UQOG EJCTCEVGTKUVKE HGCVWTGU QH KV +P RCTVKEWNCT VJG VGCEJGT RQKPVU CV VJG GORV[
URCEGU DGVYGGP VJG VCUMU YJKEJ VJG RWRKNU VJGOUGNXGU YKNN JCXG VQ HKNN WR CPF CV VJG
UWOOCT[ CV VJG GPF QH EJCRVGT  YJKEJ VJG RWRKNU VJGOUGNXGU YKNN JCXG VQ YTKVG 6JG VGCEJGT
CNUQ PQVGU VJCV GXGT[ EJCRVGT GPFU YKVJ C UWOOCT[ NKMG VJCV
(WTVJGTOQTG VJG VGCEJGT FTCYU CVVGPVKQP VQ UQOG GORV[ RCIGU CV VJG GPF QH EJCRVGT 
CPF CUMU VJG RWRKNU VQ HKNN VJGUG WR YKVJ PGYURCRGTEWVVKPIU EQPEGTPKPI VJG VQRKE QH
TCFKQCEVKXKV[ VJCV VJG[ EQOG CETQUU VJG EQOKPI YGGMU 6JG VGCEJGT CNUQ CUMU VJGO VQ OCTM
KP UWEJ CTVKENGU VJG RCUUCIGU VJCV VJG[ FQ PQV WPFGTUVCPF #V VJG GPF QH VJG NGUUQPUGTKGU KV
ECP DG UGGP YJGVJGT VJG[ VJGP FQ WPFGTUVCPF +P QTFGT VQ KNNWUVTCVG VJCV TGIWNCTN[ VJGTG FQ
CRRGCT CTVKENGU EQPEGTPKPI VJG VQRKE KP RCRGTU QT RGTKQFKECNU VJG VGCEJGTOC[ UJQY VJG RWRKNU
C HQNFGT EQPVCKPKPI EWVVKPIU QH UWEJ CTVKENGU VJCV JG QT UJG JCU EQNNGEVGF VJTQWIJQWV VJG
[GCTU
5WDUGSWGPVN[ VJG RWRKNU CTG IKXGP VJG HKTUV VCUM
 9JCV JCU IQV VQ FQ YKVJ TCFKQCEVKXKV[!
0QVG FQYP DGNQY YJCV MKPF QH VJKPIU JCXG IQV VQ FQ YKVJ TCFKQCEVKXKV[
#HVGT VJG RWRKNU JCXG YTKVVGP UQOG VJKPIU VJCV CEEQTFKPI VQ VJGO JCXG IQV VQ FQ YKVJ
TCFKQCEVKXKV[ VJG VGCEJGT CUMU UQOG RWRKNU VQ TGCF YJCV VJG[ JCXG PQVGF FQYP CUMU QVJGTU
YJGVJGT VJG[ PGGF HWTVJGT ENCTKHKECVKQP QT YCPV VQ OCMG CFFKVKQPU GVE 6JKU GZEJCPIG KU PQV
OGCPV VQ UVCTV CP KPFGRVJ FKUEWUUKQP CDQWV VJG VJKPIU VJCV CEEQTFKPI VQ UQOG RWRKN JCXG IQV
VQ FQ YKVJ TCFKQCEVKXKV[ +VU RQKPV KU HKTUVN[ VJCV GXGT[DQF[ IGVU CP KFGC YJKEJ VJKPIU CTG
DGKPI OGPVKQPGF +H HQT KPUVCPEG UQOG RWRKN OGPVKQPU 	%JGTPQD[N	 KPHQTOCVKXG SWGUVKQPU
UWEJ CU 	6GNN WU UQOG OQTG CDQWV %JGTPQD[N	 OC[ DG CUMGF 5GEQPFN[ VJG GZEJCPIG ECP
DG WUGF VQ IKXG C INQDCN QWVNQQM QP VJG VJKPIU VJCV YKNN DG VTGCVGF HWTVJGT QP +H HQT KPUVCPEG
TCFKQVJGTCR[ KU OGPVKQPGF VJG VGCEJGT ECP RQKPV CV VJG VCDNG QH EQPVGPVU CPF PQVG VJCV KV YKNN
DG FKUEWUUGF CV UQOG NGPIVJ KP UGEVKQP  KH PWENGCT YGCRQPU CTG OGPVKQPGF VJG VGCEJGT
OC[ PQVG VJCV VJCV UWDLGEV YKNN JCTFN[ EQOG WR FWTKPI VJG NGUUQP UGTKGU
+V KU GZRGEVGF VJCV HTQO VJKU INQDCN QWVNQQM RWRKNU YKNN IGV VJG KFGC VJCV UWDLGEV OCVVGT YKNN
DG VTGCVGF VJCV KPVGTGUVU VJGO UWEJ CU UCHGV[ OGCUWTGU 
CEEKFGPVU YKVJ PWENGCT RQYGT
UVCVKQPU CRRNKECVKQPU 
KP JGCNVJ ECTG GVE CPF VJCV VJKU YKNN KPFWEG KP VJGO C INQDCN
OQVKXCVKQP HQT VJG VQRKE
 %QOKPI VQ CITGG QP C URGEKHKE WUG QH VJG VGTO 	KU TCFKQCEVKXG	
6JKU UGEVKQP EQPEGTPU VJG CVVGORV VQ NGV VJG RWRKNU OCMG WUG QH CP GCUKN[ OCPCIGCDNG CPF
XGTKHKCDNG ETKVGTKQP VQ FGVGTOKPG YJGVJGT QT PQV CP QDLGEV KU TCFKQCEVKXG 6JKU KU PQV FQPG D[
HKTUV RTQXKFKPI VJGO YKVJ UWEJ C ETKVGTKQP CPF VJGP NGVVKPI VJGO RTCEVKEG YKVJ KV DWV TCVJGT
D[ HKTUV OCMKPI VJGO HGGN C PGGF HQT UWEJ C ETKVGTKQP CPF VJGP NGVVKPI VJGO FKUEQXGT C UWKVCDNG
UWEJ ETKVGTKQP +P VJKU YC[ KV KU VTKGF D[ OCMKPI VJG RWRKNU FKUEQXGT CPF OCMG GZRNKEKV VJGKT
# 2TQDNGO2QUKPI #RRTQCEJ
 + QYG VJG KFGC VQ KPENWFG QDLGEVU UCVKUH[KPI VJKU EQPFKVKQP CPF VQ WUG C EQNNGEVKQP QH PGYURCRGTEWVVKPIU CU QPG
UCVKUH[KPI KV VQ 1NNG XCP 5RTCPI

TGCUQPU DQVJ HQT YCPVKPI UWEJ C ETKVGTKQP CPF HQT EJQQUKPI VJGKT ETKVGTKQP VQ RTQXKFG VJGO
YKVJ C UGEWTG HQWPFCVKQP QP VJG DCUKU QH YJKEJ VJG[ YKNN KP YJCV KU VQ HQNNQY DG VGORVGF
VQ WUG CPF ECP DG KPEKVGF VQ WUG VJG VGTO 	KU TCFKQCEVKXG	 KP C FKUEKRNKPGF YC[ KP CEEQTFCPEG
YKVJ VJGKT ETKVGTKQP
%QOKPI VQ HGGN C PGGF HQT C ETKVGTKQP QH DGKPI TCFKQCEVKXG
6JG VGCEJGT ENQUGU VJG CDQXG FKUEWUUKQP QP VCUM  D[ PQVKPI VJCV VJG RWRKNU CNTGCF[ MPQY
SWKVG C NQV CDQWV YJCV JCU IQV VQ FQ YKVJ TCFKQCEVKXKV[ CPF KPVTQFWEGU UGEVKQP  
*QY FQ
[QW MPQY VJCV UQOGVJKPI JCU IQV VQ FQ YKVJ TCFKQCEVKXKV[! D[ UC[KPI UQOGVJKPI NKMG 	+
YQPFGT YJGVJGT [QW CTG CNUQ CDNG VQ VGNN QH VJG QDLGEVU VJCV + JCXG DTQWIJV KP VJG ENCUUTQQO
YJKEJ QPGU JCXG IQV VQ FQ YKVJ TCFKQCEVKXKV[ CPF YJKEJ QPGU PQV	 6JG HKTUV VCUM QH UGEVKQP
 EQPUKUVU QH C VCDNG VJCV VJG RWRKNU JCXG VQ HKNN KP CPF YJQUG VJTGG EQNWOPU CTG JGCFGF
PCOG QH VJG QDLGEV [GU PQ FQP	V MPQY JCU IQV VQ FQ YKVJ TCFKQCEVKXKV[ DGECWUG
6JG HQNNQYKPI NKUV KU OGCPV VQ IKXG CP KFGC QH VJG UQTV QH QDLGEVU VJCV OC[ DG WUGF C ICU
OCPVNG C DCVJTQQO VKNG VJCV JCRRGPU VQ DG TCFKQCEVKXG C UJQG QH UQOGQPG YJQ YCU KP -KGX
CV VJG VKOG VJG CEEKFGPV KP %JGTPQD[N JCRRGPGF C DCVVGT[ C NCUGT C LCT YKVJ UVQPGU QP
YJKEJ C UVKEMGT YKVJ C 	TCFKQCEVKXKV[UKIP	 KU UVWEM C RQTVCDNG :TC[ OCEJKPG C OCIPGV C
NKIJV DWND C TGOQVG EQPVTQN C HQNFGT EQPVCKPKPI PGYURCRGTEWVVKPIU CDQWV TCFKQCEVKXKV[ 1H
EQWTUG + FQ PQV OGCP VQ UWIIGUV VJCV QDLGEVU QH VJGUG CPF QPN[ VJGUG MKPFU UJQWNF DG RTGUGPV
KP VJG ENCUUTQQO + YQWNF NKMG VQ UWIIGUV JQYGXGT VJCV VJGTG UJQWNF DG GPQWIJ XCTKCVKQP
COQPI VJG QDLGEVU VJCV CTG RWV KP VJG ENCUUTQQO 
NCVGT QP + YKNN UC[ YJ[ $[ VJKU + OGCP VJCV
 VJGTG UJQWNF DG QDLGEVU QP YJQUG 	JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[	 VJG RWRKNU CTG GZRGEVGF
VQ WPCPKOQWUN[ CITGG 
QWV QH VJG CDQXG NKUV VJKU OKIJV DG UCVKUHKGF D[ VJG UJQG VJG LCT
YKVJ UVQPGU VJG RQTVCDNG :TC[ OCEJKPG VJG HQNFGT YKVJ PGYURCRGTEWVVKPIU
 VJGTG UJQWNF DG QDLGEVU YJQUG 	JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[	 KP C XGT[ URGEKCN UGPUG
VJG RWRKNU CTG GZRGEVGF VQ CRRTGEKCVG VJKU 	XGT[ URGEKCN UGPUG	 OC[ DG RWV CU HQNNQYU

VJQWIJ RWRKNU YKNN YKVJQWV FQWDV RWV KV FKHHGTGPVN[ KV JCU IQV VQ FQ YKVJ TCFKQCEVKXKV[
DWV KU PQV KVUGNH TCFKQCEVKXG 
QWV QH VJG CDQXG NKUV VJKU OKIJV DG UCVKUHKGF D[ VJG HQNFGT YKVJ
PGYURCRGTEWVVKPIU
 VJGTG UJQWNF DG QDLGEVU QP YJQUG 	PQV JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[	 VJG RWRKNU CTG
GZRGEVGF VQ WPCPKOQWUN[ CITGG 
QWV QH VJG CDQXG NKUV VJKU OKIJV DG UCVKUHKGF D[ VJG ICU
OCPVNG VJG DCVJTQQO VKNG VJG NKIJV DWND
 VJGTG UJQWNF DG QDLGEVU QP YJQUG 	JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[	 VJG RWRKNU CTG GZRGEVGF
VQ DG CPF TGOCKP KP FQWDV QT FKXGTVGF 
QWV QH VJG CDQXG NKUV VJKU OKIJV DG UCVKUHKGF D[ VJG
DCVVGT[ VJG NCUGT VJG OCIPGV VJG TGOQVG EQPVTQN
#HVGT VJG CDQXG KPVTQFWEVKQP VJG ITQWRU CTG CUMGF VQ HKNN KP VJG CDQXG OGPVKQPGF VCDNG 
VCUM
 CPF VQ FQ VJG HQNNQYKPI VCUM
 &KHHGTGPEGU CPF UKOKNCTKVKGU
;QW YKNN JCXG UCKF QH UQOG QH VJG QDLGEVU VJCV VJG[ JCXG IQV VQ FQ YKVJ TCFKQCEVKXKV[
$WV JCXG VJG[ CNN IQV VQ FQ YKVJ KV KP VJG UCOG YC[! 6JCV	U YJCV VJKU VCUM KU CDQWV
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

C 0QVG FQYP DGNQY VYQ QDLGEVU HTQO VCUM  1H EQWTUG PQV LWUV CP[ VYQ QDLGEVU $QVJ QH
VJGO OWUV JCXG IQV VQ FQ YKVJ TCFKQCEVKXKV[ #PF VJG[ OWUV JCXG IQV VQ FQ YKVJ KV KP C
FKHHGTGPV YC[ #NUQ YTKVG FQYP YJCV CEEQTFKPI VQ [QW VJG FKHHGTGPEG EQPUKUVU KP
D #ICKP PQVG FQYP VYQ QDLGEVU HTQO VCUM  #ICKP DQVJ QH VJGO OWUV JCXG IQV VQ FQ YKVJ
TCFKQCEVKXKV[ $WV PQY VJG[ OWUV JCXG IQV VQ FQ YKVJ KV KP VJG UCOG YC[ #NUQ YTKVG
FQYP YJCV CEEQTFKPI VQ [QW VJG UKOKNCTKV[ EQPUKUVU KP
9JKNG VJG RWRKNU CTG FQKPI VJGUG VCUMU KP ITQWRU VJG VGCEJGT OC[ DTKGHN[ IQ KPVQ UQOG QH
VJG QDLGEVU YJCV C ICU OCPVNG KU WUGF HQT :TC[ C YCNNGV YKVJ VJG :TC[ OCEJKPG GVE
6JG GZRGEVCVKQPU EQPEGTPKPI VCUM  CTG VJCV VJG RWRKNU YKVJKP VJGKT ITQWRU
 YKNN KP C NQV QH ECUGU DG CDNG VQ TGCEJ CITGGOGPVU CU VQ YJGVJGT QT PQV CP QDLGEV JCU IQV
VQ FQ YKVJ TCFKQCEVKXKV[
 YKNN PQVKEG VJCV KP UQOG ECUGU VJG[ JCXG FKHHKEWNVKGU KP UC[KPI YJ[ CP QDLGEV FQGU QT FQGU
PQV JCXG IQV VQ FQ YKVJ TCFKQCEVKXKV[ GXGP VJQWIJ VJG[ OC[ HKPF PQ FKHHKEWNV[ KP UC[KPI
VJCV KV FQGU QT FQGU PQV JCXG IQV VQ FQ YKVJ KV 
KV	U LWUV NKMG VJCV
 YKNN KP UQOG ECUGU PQV DG CDNG VQ TGCEJ C FGHKPKVG QT WPCPKOQWU FGEKUKQP CU VQ YJGVJGT QT
PQV CP QDLGEV JCU IQV VQ FQ YKVJ TCFKQCEVKXKV[
%QPEGTPKPI VCUM  VJG GZRGEVCVKQPU CTG COQPI QVJGT VJKPIU VJCV VJG RWRKNU YKNN CV NGCUV
KPVWKVKXGN[ UGG CPF DTKPI HQTYCTF KP QPG YC[ QT CPQVJGT VJCV VJG ENCUU QH VJKPIU VJCV JCXG IQV
VQ FQYKVJ TCFKQCEVKXKV[ EQPVCKPU QDLGEVU VJCV CTG PQV VJGOUGNXGU TCFKQCEVKXG #NUQ VJG URGEKCN
RQUKVKQP QH VJG :TC[ OCEJKPG OC[ ECRVWTG VJG RWRKNU	 CVVGPVKQP KV ECP DG UYKVEJGF QP CPF
QHH KV KU RWTRQUGN[ FGUKIPGF VJCV YC[ GVE
9JKNG VJG RWRKNU CTG YQTMKPI QP VJG VCUMU VJG VGCEJGT YKNN JCXG VQ YCNM CPF NQQM CTQWPF
KP QTFGT VQ HQTO CP KFGC QH VJG GZVGPV VQ YJKEJ VJGUG GZRGEVCVKQPU CTG LWUVKHKGF
6JG CDQXG ITQWR YQTM KU HQNNQYGF D[ C ENCUU FKUEWUUKQP QH VCUMU  CPF  6JG RQKPV QH VJKU
FKUEWUUKQP KU PQV UQ OWEJ VJCV FGHKPKVG EQPENWUKQPU CTG TGCEJGF 
GI CU VQ YJKEJ QDLGEVU
FQ JCXG IQV VQ FQ YKVJ TCFKQCEVKXKV[ CPF YJKEJ FQP	V DWV TCVJGT VJCV VJG RWRKNU EQOG VQ HGGN
C PGGF HQT CP QDLGEVKXG CPF XGTKHKCDNG ETKVGTKQP VQ FGVGTOKPGYJGVJGT QT PQV CP QDLGEV KU TCFKQ
CEVKXG 6JG FKUEWUUKQP KU VJWU RTGRCTCVQT[ HQT VJG HQNNQYKPI CEVKXKV[ KP YJKEJ VJG RWRKNU CTG
EJCNNGPIGF VQ FKUEQXGT C UWKVCDNG UWEJ ETKVGTKQP $GNQY + UMGVEJ JQY DCUGF QP VJG CDQXG
GZRGEVCVKQPU VJG FKUEWUUKQP KU GZRGEVGF VQ RTQEGGF KP INQDCN QWVNKPG #P[ CEVWCN FKUEWUUKQP
YKNN QH EQWTUG CPF EGTVCKPN[ KP VJG FGVCKNU RTQEGGF UQOGYJCV FKHHGTGPVN[ +P RCTVKEWNCT VJG
VGCEJGT	U RCTVKEKRCVKQP YKNN CNUQ JCXG VQ DG KPHQTOGF D[ YJCV JG QT UJG JCU RKEMGF WR HTQO
YCNMKPI CPF NQQMKPI CTQWPF YJKNG VJG RWRKNU YGTG YQTMKPI QP VJG VCUMU
6JG VGCEJGT UVCTVU VJG FKUEWUUKQP YKVJ VCUM  6JG UGXGTCN ITQWRU CTG CUMGF VQ DTKPI
HQTYCTF CPF KH PGGFGF VQ UQOGYJCV GNCDQTCVG QP VJG FKHHGTGPEGU CPF UKOKNCTKVKGU KP 	JCXKPI
VQ FQ YKVJ TCFKQCEVKXKV[	 VJCV VJG[ JCXG HQWPF 6JG VGCEJGT VJGP EQPEGPVTCVGU QP VJG
FKHHGTGPEG KP VJG YC[ VJCV GI VJG UJQG CPF VJG PGYURCRGTEWVVKPIU JCXG IQV VQ FQ YKVJ
TCFKQCEVKXKV[ YJKEJ KU GZRGEVGF VQ DG DTQWIJV HQTYCTF D[ VJG RWRKNU #V CP[ TCVG VJG
FKHHGTGPEG KU GZRGEVGF VQ DG KPVWKVKXGN[ ENGCT VQ VJG RWRKNU UQ VJCV VJG[ YKNN CNUQ DG QRGP HQT
C YC[ VQ GZRTGUU VJG FKHHGTGPEG 6JG VGCEJGT RTQRQUGU RTGHGTCDN[ IWKFGF D[ UWIIGUVKQPU
HTQO RWRKNU VQ CITGG QP VJG HQNNQYKPI YC[ DQVJ VJG UJQG CPF VJG PGYURCRGTEWVVKPIU JCXG
IQV VQ FQ YKVJ TCFKQCEVKXKV[ DWV QPN[ VJG UJQG KU TCFKQCEVKXG +P VJKU YC[ CP KPVWKVKXG
FKHHGTGPEG DGVYGGP VJG EQPEGRV 	JCU IQV VQ FQ YKVJ TCFKQCEVKXKV[	 YJKEJ DGECWUG QH KVU
DTQCFPGUU CPF XCIWGPGUU KU GZRGEVGF VQ JCXG UGTXGF YGNN CU C NGCF VQ IGV VJG RWRKNU VCNMKPI
# 2TQDNGO2QUKPI #RRTQCEJ
 6JKU KU YJ[ COQPI VJG QDLGEVU VJGTG UJQWNF DG QPGU YJQUG JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[ KP VJG URGEKCN UGPUG
QH 	JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[ DWV PQV TCFKQCEVKXG	 RWRKNU CTG GZRGEVGF VQ CRRTGEKCVG
 6JKU KU YJ[ COQPI VJG QDLGEVU VJGTG UJQWNF DG QPGU QP YJQUG DGKPI QT PQV DGKPI TCFKQCEVKXG RWRKNU CTG GZRGEVGF
VQ WPCPKOQWUN[ CITGG CPF OQTGQXGT YJ[ VJQUG QDLGEVU UJQWNF EQPUVKVWVG C OCLQTKV[
 6JKU KU YJ[ COQPI VJG QDLGEVU VJGTG UJQWNF DG QPGU QP YJQUG DGKPI TCFKQCEVKXG RWRKNU CTG GZRGEVGF VQ DG CPF
VQ TGOCKP KP FQWDV QT FKXGTVGF
 1H EQWTUG VJKU YC[ QH RWVVKPI KV KU C DKV GZCIIGTCVGF +V KU PQV GZRGEVGF VJCV VJG RWRKNU YKNN UVCTV ET[KPI QT
EJGGTKPI QT VJCV VJG[ YKNN NQUG CP[ UNGGR QXGT VJKU KUUWG

CDQWV VJG VQRKE KP VJG RTGEGFKPI INQDCN QWVNQQM CPF VJG OQTG URGEKCNK\GF EQPEGRV 	KU
TCFKQCEVKXG	 QP YJKEJ VJGKT CVVGPVKQP YKNN UWDUGSWGPVN[ DG HQEWUGF1H EQWTUG PQ QDLGEVKXG
CPF XGTKHKCDNG ETKVGTKQP VQ FGVGTOKPG YJGVJGT QT PQV CP QDLGEV KU TCFKQCEVKXG JCU [GV DGGP
GUVCDNKUJGF
6JG PGGF HQT UWEJ C ETKVGTKQP JQYGXGT KU VQ EQOG HQTYCTF KP VJG FKUEWUUKQP QH VCUM 
6Q UVCTV VJKU FKUEWUUKQP VJG VGCEJGT NKUVU HQT GCEJ QH VJG QDLGEVU VJG PWODGT QH ITQWRU VJCV
JCXG CPUYGTGF 	[GU	 	PQ	 CPF 	FQP	V MPQY	 KP VJG HQTO QH C VCDNG QP VJG DNCEMDQCTF +P
QTFGT VQ NKPM WR YKVJ VJG FKUEWUUKQP QH VCUM  KP VJKU UVQEMVCMKPI VJG VGCEJGT CUMU VJG ITQWRU
VQ IKXG C 	[GU	 	PQ	 QT 	FQP	V MPQY	 PQV VQ CP QDLGEV	U JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[ 
CU
VJG[ JCXG FQPGYJKNGYQTMKPI QP VCUM  DWV VQ KVU DGKPI TCFKQCEVKXG #EEQTFKPI VQ VJG CDQXG
OGPVKQPGF GZRGEVCVKQPU VJG TGUWNV QH VJG UVQEMVCMKPI YKNN GPCDNG VJG VGCEJGT VQ EQORNKOGPV
VJG RWRKNU QP VJG HCEV VJCV EQPEGTPKPI VJG OCLQTKV[ QH QDLGEVU VJG ITQWRU CTG KP WPCPKOQWU
CITGGOGPV 6JG KPXGPVQT[ VJWU PCVWTCNN[ UGVU VJG UVCIG HQT YCPVKPI VQ TGCEJ CITGGOGPV QP
CNN VJG QDLGEVU 6JG VGCEJGT VCMGU WR VJCV YCPV D[ HQEWUKPI QP VJG QDLGEVU QP YJQUG DGKPI
TCFKQCEVKXG VJG ITQWRU CTG KP FQWDV QT FKXGTVGF CPF D[ CUMKPI VJG ITQWRU VQ GZEJCPIG
CTIWOGPVU KP QTFGT VQ TGCEJ OWVWCN CITGGOGPV QP VJQUG QDLGEVU VQQ +V KU VJGKT GZRGEVGF
HCKNWTG VQ TGCEJ UWEJ CITGGOGPV VJCV EQODKPGF YKVJ VJGKT FGUKTG VQ CEVWCNN[ TGCEJ KV KU
GZRGEVGF VQ RTQXKFG VJGO YKVJ C UGPUKDNG TGCUQP HQT YCPVKPI CP QDLGEVKXG CPF XGTKHKCDNG
ETKVGTKQP VQ FGVGTOKPG YJGVJGT QT PQV CP QDLGEV KU TCFKQCEVKXG 6JKU PGGF OC[ GXGP DG
JGKIJVGPGF D[ CNUQ NGVVKPI VJG RWRKNU GZEJCPIG UQOG CTIWOGPVU EQPEGTPKPI VJG QDLGEVU QP
YJKEJ VJG ITQWRU CTG KP CITGGOGPV +P VJKU YC[ KV OC[ DG GZRNKEKVN[ DTQWIJV VQ RWRKNU	
CVVGPVKQP VJCV KP UQOG ECUGU VJG CTIWOGPVU CTG FKXGTVKPI PQV XGT[ EQPXKPEKPI 
GI VJG UVQPGU
KP VJG LCT CTG TCFKQCEVKXG DGECWUG C 	TCFKQCEVKXKV[UKIP	 KU UVWEM QP VJG LCT QT KP HCEV TGCNN[
NCEMKPI
#NN CNQPI VJKU FKUEWUUKQP VJG VGCEJGT YKNN JCXG VQ UGG VQ KV VJCV VJG RWRKNU CTG KP VJG TKIJV
UQTV QH UVCVG DGVYGGP JQRG CPF HTWUVTCVKQP KP QTFGT VJCV VJG[ EQOG VQOGCPKPIHWNN[ CRRTGEK
CVG C PGGF HQT C ETKVGTKQP VQ FGVGTOKPG YJGVJGT QT PQV CP QDLGEV KU TCFKQCEVKXG 6Q VJCV GPF
VJG VGCEJGT YKNN CV UQOG OQOGPVU JCXG VQ CFF HWGN VQ VJG HKTG 
GI YJCV C UJCOG VJCV [QW
ECPPQV TGCEJ CP CITGGOGPV QP VJQUG VJTGG VJKPIU YJKNG CV QVJGTU JG QT UJG YKNN JCXG VQ
CORNKH[ VJG NKIJV EQOKPI HTQO VJG GPF QH VJG VWPPGN 
GI YG CTG CEVWCNN[ XGT[ PGCT VQ C VQVCN
CITGGOGPV
%QOKPI VQ HKPF C ETKVGTKQP QH DGKPI TCFKQCEVKXG
+V KU GZRGEVGF VJCV VJG OQTG GXKFGPV VJG TGCUQPU HQT YCPVKPI UWEJ C ETKVGTKQP DGEQOG HQT VJG
RWRKNU VJG OQTG VJG[ YKNN DG QRGP HQT RQUUKDNG UWEJ ETKVGTKC 6JKU 	DGKPI QRGP	 OC[ VCMG
VJG HQTO QH GZRNKEKVN[ VJKPMKPI CDQWV UWEJ C ETKVGTKQP CPF RGTJCRU YKVJ UQOG JGNR QH VJG
VGCEJGT 
GI VJGTG TGCNN[ QWIJV VQ DG UQOGVJKPI YKVJ YJKEJ KV ECP DG FGVGTOKPGF YJGVJGT
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

QT PQV CP QDLGEV KU TCFKQCEVKXG VJGP YG OKIJV EQOG VQ C VQVCN CITGGOGPV TGOGODGTKPI VJCV
VJGTG KU UQOG MKPF QH FGXKEG VJCV OKIJV DG QH WUG JGTG 1T RGTJCRU VJG[ YKNN TGOGODGT KV
YJGP VJG VGCEJGT KPVTQFWEGU VJG KFGC QH C 	TCFKQCEVKXKV[OGVGT	 #V CP[ TCVG KV KU GZRGEVGF
VJCV PQ OCVVGT JQY VJG KFGC QH UWEJ C FGXKEG QT OGVGT KU RWV HQTYCTF RWRKNU	 DGKPI QRGP
YKNN VCMG VJG HQTO QH DGKPI RTGRCTGF VQ KPXGUVKICVG YJGVJGT UQOG UWEJ FGXKEG OKIJV DG QH
WUG 6JKU VJGP KU VJG RTQRGT VKOG VQ UGV VJGO KP UOCNN ITQWRU CICKP VQ YQTM QP VJG
HQNNQYKPI VCUMU
 +P UGCTEJ QH C TCFKQCEVKXKV[OGVGT
+P [QWT ENCUUTQQO CTG UQOG OGVGTU OGVGT # OGVGT $ OGVGT %  +P VJKU VCUM [QW CTG
IQKPI VQ HKPF QWV YJGVJGT VJGTG CTG TCFKQCEVKXKV[OGVGTU COQPI VJGO
C 6CMG QPG QH VJG OGVGTU
%JGEM YJGVJGT VJCV OGVGT KU C TCFKQCEVKXKV[OGVGT
0QVG FQYP [QWT EQPENWUKQP D[ EQORNGVKPI VJG DGNQY UGPVGPEG
/GVGT  KU  KU PQV C TCFKQCEVKXKV[OGVGT 9G JCXG HKIWTGF VJCV QWV CU HQNNQYU
D %JGEM QH VJG QVJGT OGVGTU VQQ YJGVJGT VJG[ CTG TCFKQCEVKXKV[OGVGTU
0QVG FQYP DGNQY [QWT EQPENWUKQPU
/GVGT  KU  KU PQV C TCFKQCEVKXKV[OGVGT 9G JCXG HKIWTGF VJCV QWV CU HQNNQYU
=6JKU NKPG KU TGRGCVGF UGXGTCN VKOGU?
 9JKEJ VJKPIU CTG TCFKQCEVKXG!
6JKU VCUM NQQMU XGT[ OWEJ NKMG VCUM  #ICKP [QW CTG IQKPI VQ HKNN KP C VCDNG
$WV VJGTG CTG CNUQ VYQ FKHHGTGPEGU
 ;QW PQY JCXG VQ KPFKECVG YJGVJGT CP QDLGEV KU QT KU PQV TCFKQCEVKXG
 ;QW PQY JCXG VQ FQ UQ KP UWEJ C YC[ VJCV CNN VJG QVJGT ITQWRU YKNN CITGG YKVJ [QW
5Q GURGEKCNN[ VJG GZRNCPCVKQP [QW IKXG KP VJG VJKTF EQNWOP KU KORQTVCPV (QT YKVJ VJCV
GZRNCPCVKQP [QW YKNN JCXG VQ EQPXKPEG VJG QVJGT ITQWRU QH [QWT DGKPI TKIJV
=6JGTG HQNNQYU VJG HTCOG QH C VCDNG YKVJ VJTGG EQNWOPU YJKEJ CTG JGCFGF 	PCOG
QH VJG QDLGEV	 	[GU  PQ	 CPF 	KU TCFKQCEVKXG DGECWUG	 TGURGEVKXGN[?
.GV OG DTKGHN[ EQOOGPV QP VJGUG VYQ VCUMU /GVGTU VJCV RTQRGTN[ FKUIWKUGF OC[ DG WUGF
KP VCUM  CTG FKHHGTGPV MKPFU QH UQWPF NGXGN OGVGTU FKHHGTGPV MKPFU QH NWZOGVGTU FKHHGTGPV
MKPFU QH )GKIGT EQWPVGTU QT FQUG OGVGTU %QPEGTPKPI VCUM  KV KU GZRGEVGF VJCV KP VJG NKIJV
QH VJG FKUEWUUKQP QH VCUMU  CPF  VJG RWRKNU YKNN CRRTGEKCVG VJG FKHHGTGPEGU YKVJ VCUM  KVU
IGCTKPI VQ VJG EQPEGRV 	KU TCFKQCEVKXG	 CPF KVU FGOCPF HQT C YC[ QH VGNNKPI YJGVJGT QT PQV
UQOGVJKPI KU TCFKQCEVKXG VJCV KU IWCTCPVGGF VQ NGCF VQ VJG FGUKTGFOWVWCN CITGGOGPV 
YGOKIJV
UC[ HQT CP QDLGEVKXGN[ XGTKHKCDNG ETKVGTKQP QH 	KU TCFKQCEVKXG	
+V KU GZRGEVGF VJCV VJG ITQWRU YKNN DG CDNG VQ HKPF QWV YJKEJ QH VJG OGVGTU CTG TCFKQCEVKXKV[
OGVGTU D[ JQNFKPI C RCTVKEWNCT OGVGT PGCT QDLGEVU QH YJKEJ C ITQWR KU RTGVV[ UWTG VJCV VJG[
CTG TCFKQCEVKXG D[ RNC[KPI YKVJ KV PGCT VJKPIU VJCV CTG PQV TCFKQCEVKXG 
PQV PGEGUUCTKN[ VJKPIU
HTQO VJG CDQXG NKUV DWV HQT KPUVCPEG CNUQ VJGOUGNXGU QVJGT RWRKNU VCDNGU GVE D[ PQVKEKPI
VJCV KV UGGOU VQ TGCEV VQ UQOGVJKPI GNUG 
URGGEJ NKIJV 9JGP VJG ITQWRU CTG CFOKPKUVGTGF
C OGVGT VJG VGCEJGT OC[ JGTG CPF VJGTG FQ UQOG GZRNCKPKPI JQY VQ RWV VJG OGVGT QP YJGTG
KVU 	PQUG	 KU GVE
%QPEGTPKPI VCUM  KV KU GZRGEVGF VJCV GCEJ ITQWR YKNN YCPV VQ WUG QPG QH VJG OGVGTU KV JCU
LWUV KFGPVKHKGF CU C TCFKQCEVKXKV[OGVGT KP QTFGT VQ EJGEM QH CNN VJG QDLGEVU YJGVJGT QT PQV VJG[
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CTG TCFKQCEVKXG +P GHHGEV VJKU YQWNF DG CP KORNKEKV HQTOWNCVKQP QH VJG KFGC VJCV C
TCFKQCEVKXKV[OGVGT OC[ UCVKUHCEVQTKN[ HWNHKN VJG PGGF HQT C OWVWCNN[ XGTKHKCDNG ETKVGTKQP KV
ENCUUKHKGU VJQUG QDLGEVU CU TCFKQCEVKXG VJCV YGTG DGNKGXGF VQ DG TCFKQCEVKXG QT TCVJGT VJCV
KV FQGU UQ YCU RCTV QH VJG KFGPVKHKECVKQP QH C TCFKQCEVKXKV[OGVGT KP VCUM  KV QDXKQWUN[ CNUQ
RTQOKUGU VQ IWCTCPVGG VJG FGUKTGF OWVWCN CITGGOGPV EQPEGTPKPI VJG QDLGEVU QP YJQUG DGKPI
TCFKQCEVKXG VJG ITQWRU YGTG KP FQWDV QT FKXGTVGF UKPEG TGCEJKPI UWEJ OWVWCN CITGGOGPV
KPXQNXGU PQVJKPI OQTG VJCP PQVKEKPI YJGVJGT QT PQV C TCFKQCEVKXKV[OGVGT TGCEVU #NN VJKU KU
GZRGEVGF VQ RTQXKFG VJG RWRKNU YKVJ RNCWUKDNG TGCUQPU HQT CEEGRVKPI CU VJG FGUKTGF ETKVGTKQP
QPG VJCV OCMGU WUG QH C TCFKQCEVKXKV[OGVGT $WV QH EQWTUG CU C PGY ETKVGTKQP 
KP VJG UGPUG
VJCV VJG RWRKNU JCXG PGXGT DGHQTG GZRNKEKVN[ CPF EQPUKUVGPVN[ CRRNKGF KV KV DTKPIU CNQPI KVU QYP
WPCXQKFCDNG CPF KP UQOG UGPUG WPGZRGEVGF EQPUGSWGPEGU 6JG ITQWRU OC[ DGEQOG CYCTG
QH VJKU YJGP VJG[ HKPF VJCV C TCFKQCEVKXKV[OGVGT CNUQ JCRRGPU VQ TGCEV VQ UQOG QDLGEVU VJCV
VJG[ FKF PQV MPQY VQ DG TCFKQCEVKXG 
GI VJG ICU OCPVNG #EEGRVKPI VJG PGY ETKVGTKQP VJGP
COQWPVU VQ UVKEMKPI VQ KV +V KU GZRGEVGF VJCV VJG ITQWRU YKNN FQ UQ VJCV VJG RNCWUKDKNKV[ CPF
WPCODKIWKV[ QH VJG PGY ETKVGTKQP YKNN JCXG UWHHKEKGPVN[ GOGTIGF HQT VJGO KP QTFGT VQ GI
EQPENWFG VJCV VJG ICU OCPVNG KU TCFKQCEVKXG 
DGECWUG VJG TCFKQCEVKXKV[OGVGT TGCEVU PGCT KV
GXGP VJQWIJ VJG[ YQWNF PGXGT JCXG IWGUUGF VJCV
+V KU ENGCT VJCV KP VJG EQWTUG QH YQTMKPI QP VCUMU  CPF  VJG RWRKNU YKNN CU KV YGTG KP RNC[
CNUQ IGV CESWCKPVGF YKVJ UQOG TCFKQCEVKXKV[OGVGTU CPF TCFKQCEVKXG UQWTEGU
6CUMU  CPF  ECP UWDUGSWGPVN[ DG DTKGHN[ FKUEWUUGF KP VJG ENCUU CU C YJQNG 6JG GORJCUKU
KP KV UJQWNF PQV UQ OWEJ DG QP VJG HKPCN TGUWNVU DWV QP JQY VJG[ JCXG EQOG CDQWV 9JGP
FKUEWUUKPI VCUM  VJG GORJCUKU UJQWNF DG QP JQY VJG ITQWRU JCXG HKIWTGF QWV YJKEJ OGVGTU
CTG TCFKQCEVKXKV[OGVGTU 6JG VGCEJGT OC[ VJGP CNUQ IKXG VJG QHHKEKCN PCOG QH VJG NCVVGT
OGVGTU )GKIGT EQWPVGTU 9JGP FKUEWUUKPI VCUM  VJG GORJCUKU UJQWNF DG QP VJG HCEV VJCV
VJG ITQWRU JCXG PQY OCPCIGF VQ TGCEJ VQVCN CITGGOGPV 
YJKEJ FGUGTXGU C EQORNKOGPV D[
VJG VGCEJGT CPF QP YJCV KV KU VJCV JCU GPCDNGF VJGO VQ TGCEJ KV (WTVJGTOQTG VJG VGCEJGT
GORJCUK\GU VJCV VJWU VJG RWRKNU JCXG CNUQ CTTKXGF CV CP CITGGOGPV CU VQ YJGP HTQO PQY QP
UQOGVJKPI YKNN DG ECNNGF TCFKQCEVKXG 6Q UVTGUU VJG KORQTVCPEG QH VJKU CITGGOGPV CPF VQ IKXG
VJG RWRKNU C HKTUV JGNR KP YTKVKPI C UWOOCT[ VJG VGCEJGT NGVU VJG RWRKNU PQVG FQYP CPF EQO
RNGVG VJG UGPVGPEG 	9G ECNN UQOGVJKPI TCFKQCEVKXG KH 	 KP VJG UWOOCT[ QH EJCRVGT  WPFGT
VJG JGCFKPI 	+ORQTVCPV VQ TGOGODGT	 +V KU XGT[ NKMGN[ VJCV VJGTG YKNN DG RWRKNU YJQ YCPV VQ
MPQY YJ[ KV KU VJCV GI VJG ICU OCPVNG KU TCFKQCEVKXG 6JKU VJGP YQWNF DG CP GZCORNG QH
C SWGUVKQP VJCV KU YQTVJ DGKPI UVQTGF WPFGT VJG JGCFKPI 	3WGUVKQPU YG UVKNN JCXG VQ HKPF CP
CPUYGT VQ	 KP VJG UWOOCT[ 6JG VGCEJGT OC[ CNUQ QPEG OQTG RQKPV CV VJG URGEKCN RQUKVKQP
QH VJG :TC[ OCEJKPG KV KU CEEQTFKPI VQ VJG CITGGOGPV LWUV OCFG QPN[ TCFKQCEVKXG YJGP
KV KU UYKVEJGF QP UKPEG KV KU QPN[ VJGP VJCV C )GKIGT EQWPVGT TGCEVU
# UNKIJV OQFKHKECVKQP
&WTKPI VJG CDQXG FKUEWUUKQP VJG VGCEJGT NGCXGU VJG )GKIGT EQWPVGTU QP UQ VJCV QPEG KP C
YJKNG VJG[ YKNN JCXG VKEMGF +H VJG RWRKNU VJGOUGNXGU JCXG PQV CNTGCF[ PQVKEGF VJCV YJKNG
YQTMKPI QP VCUMU  CPF  VJG VGCEJGT D[ OCMKPI UQOG ECUWCN TGOCTMU CDQWV KV HQEWUGU VJGKT
CVVGPVKQP VQ KV FWTKPI VJG FKUEWUUKQP +V UGGOU VJCV VJG )GKIGT EQWPVGTU VKEM CNN VJG VKOG 5QOG
RWRKNU OC[ UWIIGUV VJCV VJG )GKIGT EQWPVGTU CTG VKEMKPI DGECWUG QH CNN VJG TCFKQCEVKXG VJKPIU
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

KP VJG ENCUUTQQO 6Q EJGEM VJCV UWIIGUVKQP C RWRKN OC[ DG UGPV QWV YKVJ C )GKIGT EQWPVGT
VQ GI VJG ITGCV JCNN QT VJG UEJQQN[CTF 6JG EQPENWUKQP KU VJCV )GKIGT EQWPVGTU FQ KP HCEV
VKEM CV C UNQY TCVG GXGT[YJGTG CPF CNN VJG VKOG 6JG VGCEJGT OC[ RQKPV QWV VJCV VJKU KU PQV
CU UVTCPIG CU KV UGGOU VQ DG VJG RQKPVGTU QH VJG QVJGT OGVGTU VJCV VJG RWRKNU JCXG YQTMGF YKVJ
PQTOCNN[ UJQY UQOG FGHNGEVKQP VQQ
#V CP[ TCVG KV KU GZRGEVGF VJCV VJGUG QDUGTXCVKQPU LWUVKH[ C UNKIJV OQFKHKECVKQP QH VJG LWUV
OCFG CITGGOGPV CNQPI VJG HQNNQYKPI NKPGU YG ECNN UQOGVJKPI TCFKQCEVKXG KH KP KVU XKEKPKV[
C )GKIGT EQWPVGTU UVCTVU VKEMKPI CV C OQTG VJCP PQTOCN TCVG 6JG RQKPV QH VJKU OQFKHKECVKQP
KU QH EQWTUG VJCV VJG RWRKNU YKNN KP YJCV KU VQ HQNNQY PQV KOOGFKCVGN[ EQPENWFG VJCV CP QDLGEV
KU TCFKQCEVKXG YJGP C )GKIGT EQWPVGT LWUV QPEG QT VYKEG JCRRGPU VQ VKEM PGCT KV
 5VCPFKPI KP VJG TCFKCVKQP VJCV KU GOKVVGF D[ C TCFKQCEVKXG QDLGEV
+P VJG HQTOWNCVKQP QH VJG VCUMU UQ HCT VJG VGTO 	TCFKCVKQP	 JCU PQV DGGP WUGF CNVJQWIJ VJG
RWRKNU YKNN WPFQWDVGFN[ JCXG WUGF KV 
RTQDCDN[ KP VJG UGPUG QH TCFKCVKQP EH UGEVKQP 
YJKNG YQTMKPI QP VJG VCUMU 6JG RQKPV QH VJG PGZV VCUMU KU VQ DTKPI VJG VGTO QT DGVVGT
GZRTGUUKQPU EQPVCKPKPI KV UWEJ CU 	VQ UVCPF KP VJG TCFKCVKQP VJCV KU GOKVVGF D[ C TCFKQCEVKXG
QDLGEV	 KP EQPPGEVKQP YKVJ VJG ETKVGTKQP LWUV GUVCDNKUJGF 6JG KFGC KU CU HQNNQYU
 +V ECP DG PQVKEGF VJCV UQOG FKUVCPEG CYC[ HTQO C TCFKQCEVKXG QDLGEV C )GKIGT EQWPVGT
PQ NQPIGT VKEMU 
CV C OQTG VJCP PQTOCN TCVG 1T VQ DG OQTG RTGEKUG PGCTD[ VJG QDLGEV
KV VKEMU CV C JKIJGT TCVG 
VJKU KU YJ[ CEEQTFKPI VQ VJG PGY ETKVGTKQP VJG QDLGEV KU ECNNGF
TCFKQCEVKXG VJG HCTVJGT CYC[ HTQO VJG QDLGEV VJG EQWPVGT KUOQXGF VJG NQYGT KVU VKEMKPI
TCVG DGEQOGU HTQO UQOG 
TGNCVKXGN[ UJQTV FKUVCPEG QP VJG EQWPVGT	U VKEMKPI TCVG KU EQO
RCTCDNG VQ YJCV KV PQTOCNN[ KU
 ;GV KV UGGOU ENGCT VJCV VJGUG QDUGTXCVKQPU ECPPQV DG CEEQWPVGF HQT D[ UWRRQUKPI VJCV VJG
QDLGEV	U DGKPI TCFKQCEVKXG KU UQOGJQY CHHGEVGF D[ VJG )GKIGT EQWPVGT	U DGKPI OQXGF
CYC[ HTQO KV +H PGEGUUCT[ KV ECP KP HCEV DG QDUGTXGF VJCV VJG VKEMKPI TCVG QH C EQWPVGT
VJCV KU MGRV PGCT VQ VJG QDLGEV KU PQV CHHGEVGF D[ CPQVJGT EQWPVGT	U DGKPI OQXGF CYC[
HTQO KV
 +V YKNN DG C OCVVGT QH RNCKP UCKNKPI VQ OCMG C NKPM JGTG YKVJ GZRTGUUKQPU EQPVCKPKPI VJG
YQTF 	TCFKCVKQP	 C TCFKQCEVKXG QDLGEV GOKVU TCFKCVKQP VJCV ECP DGOGCUWTGFYKVJ C)GKIGT
EQWPVGT QPG UVCPFU KP VJG TCFKCVKQP VJCV KU GOKVVGF D[ C TCFKQCEVKXG QDLGEV QT
CNVGTPCVKXGN[ QPG KU DGKPI KTTCFKCVGF D[ VJG QDLGEV KH C )GKIGT EQWPVGT VJCV QPG JQNFU
KP QPG	U JCPF VKEMU 
CV C OQTG VJCP PQTOCN TCVG
 6JG QDUGTXCVKQPU WPFGT  ECP VJGP UKORN[ DG CEEQWPVGF HQT CU HQNNQYU UKPEG VJG
TCFKCVKQP GOKVVGF D[ VJG QDLGEV URTGCFU QWV VJG EQWPVGT OGCUWTGU NGUU TCFKCVKQP VJG
HCTVJGT KV KU OQXGF CYC[ HTQO VJG QDLGEV CRRCTGPVN[ VJG TCFKCVKQP VJCV KU GOKVVGF D[ VJG
QDLGEV FQGU PQV TGCEJ XGT[ HCT HTQO UQOG 
TGNCVKXGN[ UJQTV FKUVCPEG QP QPG PQ NQPIGT
UVCPFU KP VJG TCFKCVKQP GOKVVGF D[ VJG QDLGEV
6JG YC[ VQ UVCTV VJKU VTCKP QH VJQWIJV KU VJWU VQ OCMG RWRKNU PQVKEG VJCV UQOG FKUVCPEG CYC[
HTQO C TCFKQCEVKXG QDLGEV C )GKIGT EQWPVGT PQ NQPIGT VKEMU +P UGEVKQP  
&QGU KV DQVJGT
[QW VJCV VJGTG CTG TCFKQCEVKXG VJKPIU KP VJG ENCUUTQQO! KV KU VTKGF VQ CEJKGXG VJKU D[ OGCPU
QH VJG HQNNQYKPI VCUM
 4CFKQCEVKXG VJKPIU KP VJG ENCUUTQQO
.CUV [GCT VJGTG YGTG CNUQ UQOG TCFKQCEVKXG VJKPIU KP VJG ENCUUTQQO 5QOG RWRKNU VJGP
# 2TQDNGO2QUKPI #RRTQCEJ
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YQPFGTGF YJGVJGT VJQUG VJKPIU CTG IKXKPI VJGO VTQWDNG
+P C OQOGPV [QW OC[ D[ OGCPU QH GZRGTKOGPVU EJGEM YJGVJGT VJG[ CTG IKXKPI [QW
VTQWDNG $WV HKTUV [QW YKNN PQY JCXG VQ VJKPM QH UWEJ GZRGTKOGPVU
C #TG VJG TCFKQCEVKXG VJKPIU IKXKPI VJQUG RWRKNU VTQWDNG VJCV CTG UKVVKPI UQOG FKUVCPEG
CYC[!
0QVG FQYP DGNQY CP GZRGTKOGPV VQ HKPF VJCV QWV #NUQ YTKVG FQYP YJCV [QW PGGF HQT
VJG GZRGTKOGPV
D #TG VJG TCFKQCEVKXG VJKPIU IKXKPI VJQUG RWRKNU VTQWDNG VJCV CTG UKVVKPI PGCTD[! #NUQ VJKPM
QH CP GZRGTKOGPV VQ HKPF VJCV QWV
9JGP YTKVKPI VJKU VCUM + YCU YGNN CYCTG VJCV KVU HQTOWNCVKQP OKIJV DG VQQ WPURGEKHKE VQ
KPFGGF OCMG RWRKNU OGCUWTG YKVJ C )GKIGT EQWPVGT PGCTD[ CPF UQOG FKUVCPEG CYC[ HTQO C
TCFKQCEVKXG QDLGEV 6JG CODKIWKV[ NKGU QH EQWTUG KP VJG RJTCUG 	CTG VJG TCFKQCEVKXG VJKPIU
IKXKPI WU VTQWDNG!	 + JCXG EJQUGP VJKU HQTOWNCVKQP DGECWUG KV NKPMU WR YKVJ C UKOKNCT SWGUVKQP
VJCV UQOG RWRKNU JCF CUMGF KP RTGXKQWU VT[QWVU CPF DGECWUG KV KU C OQTG 	PGWVTCN	
HQTOWNCVKQP VJCP VJG QPG VJCV YCU WUGF KP VJG HKTUV XGTUKQP 	KU KV FCPIGTQWU VJCV VJGTG CTG
TCFKQCEVKXG VJKPIU KP VJG ENCUUTQQO!	 
EH UGEVKQP  5VKNN CNUQ VJG PGY HQTOWNCVKQP OC[
DG WPFGTUVQQF CU UQOGVJKPI NKMG 	YKNN YG IGV KNN DGECWUG QH VJG TCFKQCEVKXG VJKPIU KP VJG ENCUU
TQQO!	 CPF VJKU OC[ CNUQ DG VJG UGPUG KP YJKEJ VJG RWRKNU YJQ JCF CUMGF C UKOKNCT SWGUVKQP
OGCPV KV #NN VJKU OGCPU VJCV + YQWNF RC[ URGEKCN CVVGPVKQP VQ RWRKNU	 CEVWCN TGCEVKQP VQ VJG
VCUM KP VJG VT[QWV
#UUWOKPI VJCV VJG VCUM OCMGU VJG ITQWRU UWIIGUV VQ OGCUWTG YKVJ C )GKIGT EQWPVGT PGCTD[
CPF UQOG FKUVCPEG CYC[ HTQO C TCFKQCEVKXG QDLGEV VJG ITQWRU CTG GZRGEVGF VQ OCMG D[
ECTT[KPI QWV VJKU UWIIGUVKQP QDUGTXCVKQPU CU FGUETKDGF WPFGT  CDQXG (WTVJGTOQTG KV KU
GZRGEVGF VJCV KP C ENCUU FKUEWUUKQP KH PGEGUUCT[ CKFGF D[ UQOG SWGUVKQPU QH VJG VGCEJGT UWEJ
CU 	&Q VJG UVQPGU KP VJG LCT EGCUG VQ DG TCFKQCEVKXG YJGP QPG OQXGU CYC[ HTQO VJGO!	 UVGRU
 VQ  CDQXG ECP DG HQNNQYGF
6JG RWRKNU CTG HKPCNN[ CUMGF VQ PQVG FQYP KP VJG UWOOCT[ YJCV VJG[ EQPUKFGT VQ DG VJG
OCKP RQKPVU CU YGNN CU RQUUKDNG SWGUVKQPU VJCV OC[ JCXG CTKUGP
 %QOKPI VQ TGEQIPK\G C RTQDNGO KP C RCTVKEWNCT YC[
6JKU UGEVKQP EQPEGTPU VJG CVVGORV VQ DTKPI RWRKNU KP UWEJ C RQUKVKQP VJCV VJG[ VJGOUGNXGU EQOG
VQ RQUG VJG IGPGTCN RTQDNGO JQY VJKPIU ECP DG OCFG TCFKQCEVKXG 
KP VJG CITGGF UGPUG CPF
JQY PQV +P UGEVKQP  + JCXG KPFKECVGF VJCV VJG HQNNQYKPI YKNN UGTXG CU CRRTQRTKCVG
KPVGTOGFKCVG UVGRU KP VJGKT EQOKPI VQ CRRTGEKCVG VJKU RTQDNGO KP VJG KPVGPFGF YC[
 C)GKIGT EQWPVGT VKEMU PGCT TCFKQCEVKXGOCVGTKCN DWV PQ NQPIGT FQGU UQ UQOG FKUVCPEG CYC[
HTQO KV
 D[ CRRN[KPI C 	TGUKUVCPEG	 
GI C NGCF EQXGTKPI CNUQ PGCTD[ VJG )GKIGT EQWPVGT FQGU PQ
NQPIGT VKEM
 TGOQXKPI VJG 	TGUKUVCPEG	 YKNN OCMG C)GKIGT EQWPVGT PGCTD[ UVCTV VKEMKPI DWV PQV C)GKIGT
EQWPVGT UQOG FKUVCPEG CYC[
 VJG )GKIGT EQWPVGT UQOG FKUVCPEG CYC[ CNUQ FQGU PQV UVCTV VKEMKPI YJGP VJGTG KU C FTCWIJV
VQYCTFU KV GXGP YJGP VJG TGUKUVCPEG JCU DGGP TGOQXGF
 OCMKPI CP QDLGEV UVCPF KP VJG TCFKCVKQP GOKVVGF D[ C TCFKQCEVKXG QDLGEV QT :TC[ OCEJKPG
FQGU PQV TGUWNV KP VJG QDLGEV	U DGEQOKPI TCFKQCEVKXG
+P UGEVKQP  OQTGQXGT + JCXG KPFKECVGF JQY VJG RTQEGUU VJCV GXGPVWCNN[ NGCFU VQ VJG
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

HQTOWNCVKQP QH VJGKT RTQDNGO ECP DWKNF QP CPF DG KPHQTOGF D[ YJCV RWRKNU CNTGCF[ MPQY
PCOGN[ D[ NGVVKPI VJGO VJKPM DCEM CPF HQTVJ DGVYGGP UQOG YGNNMPQYP UKVWCVKQP CPF C
ENCUUTQQOUKVWCVKQP KP YJKEJ VJG[ ECP RGTHQTO CEVKQPU DWV RTQXKFGF VJCV VJG VYQ UKVWCVKQPU
CTG TGNGXCPVN[ UKOKNCT HQT VJG RWRKNU CPF HQT VJGO HQTO C EQJGTGPV YJQNG + JCXG EJQUGP VQ
WUG PWENGCT RQYGT UVCVKQPU CPF VJG %JGTPQD[N CEEKFGPV CU YGNNMPQYP UKVWCVKQPU CPF C UOCNN
UECNG 	PWENGCT RQYGT UVCVKQP	 CPF KOKVCVKQPU QH VJG %JGTPQD[N CEEKFGPV CU TGNGXCPVN[ UKOKNCT
ENCUUTQQOUKVWCVKQPU
+P UGEVKQP  HKPCNN[ + JCXG KPFKECVGF VJCV UKORN[ D[ CUMKPI RWRKNU VQ DTKPI CDQWV KP
VJG ENCUUTQQOUKVWCVKQP QPG UQTV QH EQPUGSWGPEG VJCV VJG TGCN %JGTPQD[N CEEKFGPV JCF
PCOGN[ VJCV VJKPIU JCF DGEQOG TCFKQCEVKXG C RTQEGUU YKNN DG UGV KP OQVKQP VJCV CU NQPI CU
VJG[ UVKEM VQ VJG CITGGOGPVUOCFG GCTNKGT GXGPVWCNN[ NGCFU VQ VJGKT HQTOWNCVKQP QH VJG IGPGTCN
RTQDNGO
%TGCVKPI C ENCUUTQQOUKVWCVKQP KP YJKEJ RWRKNU ECP CEV IWKFGF D[ YJCV VJG[ CNTGCF[ MPQY
6JG VGCEJGT DTKGHN[ KPVTQFWEGU VJG VQRKE QH EJCRVGT  PWENGCT RQYGT UVCVKQPU HQT KPUVCPEG
D[ TGOCTMKPI VJCV C PWENGCT RQYGT UVCVKQPJCU IQV VQ FQYKVJ TCFKQCEVKXKV[ DGECWUG TCFKQCEVKXG
OCVGTKCN KU WUGF KP VJGTG 5WDUGSWGPVN[ VJG RWRKNU YQTM KP UOCNN ITQWRU QP VJG HQNNQYKPI VCUMU
QH UGEVKQP  
$WKNFKPI C PWENGCT RQYGT UVCVKQP
 .KXKPI UCHGN[ PGCT C PWENGCT RQYGT UVCVKQP
0WENGCT RQYGT UVCVKQPU CTG UQOGVKOGU UKVWCVGF PGCT C EKV[ $WV VJG KPJCDKVCPVU QH UWEJ
C EKV[ UJQWNF TGEGKXG PQ TCFKCVKQP HTQO KV
*QY FQGU QPG VCMG ECTG QH VJCV!
 # UOCNN UECNG 	PWENGCT RQYGT UVCVKQP	
+P [QWT ENCUUTQQO NKGU UQOG TCFKQCEVKXG OCVGTKCN 0QY UWRRQUG VJCV KU VJG OCVGTKCN VJCV
YKNN DG WUGF KP C PWENGCT RQYGT UVCVKQP 5Q VJG TGSWKTGF TCFKQCEVKXG UVWHH KU TGCF[ 6JGTG
KU LWUV VJKU RTQDNGO VJG RQYGT UVCVKQP KVUGNH KU PQV [GV VJGTG
+V KU WR VQ [QW VQ IQ DWKNF VJG 	PWENGCT RQYGT UVCVKQP	 1T DGVVGT C UVQTCIG TQQO KP KV
6JCV KU C TQQO KP YJKEJ VJG TCFKQCEVKXG UVWHH ECP DG UCHGN[ UVQTGF
6JG UVQTCIG TQQO QH [QWT 	RQYGT UVCVKQP	 VJWU JCU VQ OGGV QPG KORQTVCPV EQPFKVKQP
1WVUKFG [QWT 	RQYGT UVCVKQP	 QPG UJQWNF TGEGKXG PQ TCFKCVKQP HTQO VJG TCFKQCEVKXG UVWHH
UVQTGF KPUKFG
&GXKUG C DWKNFKPI RNCP HQT VJG UVQTCIG TQQO KP [QWT 	PWENGCT RQYGT UVCVKQP	 /CMG UWTG
VJCV [QWT RNCP ECP CEVWCNN[ DG ECTTKGF QWV
9TKVG FQYP [QWT RNCP DGNQY
+V KU GZRGEVGF VJCV KP FGXKUKPI C DWKNFKPI RNCP HQT VJGKT 	PWENGCT RQYGT UVCVKQP	 VJG ITQWRU
YKNN DG IWKFGF D[ YJCV VJG[ MPQY CDQWV JQY HQT TGCN RQYGT UVCVKQPU KV KU VCMGP ECTG VJCV PQ
TCFKCVKQP KU OGCUWTGF QWVUKFG PCOGN[ D[ CRRN[KPI UQOG MKPF QH TGUKUVCPEG 
GI NGCF
UVQPGU $GECWUG QH VJG RTGRCTCVKQP KP EJCRVGT  KV CNUQ KU GZRGEVGF VJCV CHVGT JCXKPI ECTTKGF
QWV C DWKNFKPI RNCP VJG[ YKNN WUG C )GKIGT EQWPVGT VQ EJGEM YJGVJGT QPG TGEGKXGU TCFKCVKQP
QWVUKFG VJG DWKNF 	UVQTCIG TQQO	
6JG GZRGEVGF TGUWNV QH VJKU CEVKXKV[ KU VJCV D[ WUKPI UWIIGUVKQPU QH VJG XCTKQWU ITQWRU VJG
ENCUU YKNN GXGPVWCNN[ OCPCIG VQ DWKNF C 	UVQTCIG TQQO	 VJCV UCVKUHCEVQTKN[ OGGVU VJG
TGSWKTGOGPV VJCV QWVUKFG PQ TCFKCVKQP ECP DG OGCUWTGF CPF UQ KU KP VJKU TGURGEV TGNGXCPVN[
# 2TQDNGO2QUKPI #RRTQCEJ
 6JG VCUMU CTG RCTV QH CP CVVGORV VQ OGTIG UGEVKQPU  CPF  QH VJG HKTUV XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG
KPVQ C HQT RWRKNU EQJGTGPV YJQNG 
EH VJG TGOCTMU VQYCTFU VJG GPF QH UGEVKQP 

UKOKNCT VQ C TGCN RQYGT UVCVKQP 
EH UGEVKQP  #PQVJGT GZRGEVGF TGUWNV KU VJCV COQPI VJG
EQPENWUKQPU VJG[ HQTOWNCVG 
KP VCUM  YKNN DG VJG HQNNQYKPI KH TCFKQCEVKXG OCVGTKCN KU CRRTQ
RTKCVGN[ DWKNV KP C )GKIGT EQWPVGT FQGU PQ NQPIGT VKEM PGCT KV #PQVJGT RGTJCRU UWTRTKUKPI
EQPENWUKQP OC[ GI DG VJCV TCFKCVKQP RCTVN[ FQGU IQ VJTQWIJ NGCF
%QOKPI VQ TGEQIPK\G VJG RTQDNGO D[ CEVKPI KP VJG ENCUUTQQOUKVWCVKQP
0GZV RWRKNU	 CVVGPVKQP KU HQEWUGF QP 	CEEKFGPVU YKVJ PWENGCT RQYGT RNCPVU	 
YJKEJ KU CNUQ VJG
VKVNG QH UGEVKQP  6JG VGCEJGT EQWNF NKPM WR YKVJ VJG INQDCN KPVTQFWEVKQP VQ VJG UGTKGU QH
NGUUQPU KH UQOG RWRKNU VJGP OGPVKQPGF VJG %JGTPQD[N CEEKFGPV 9KVJ CP G[G QP RTGUGPV
IGPGTCVKQPU QH RWRKNU VCUM  
C TGCFKPI VCUM EH CRRGPFKZ  IKXGU UQOG KPHQTOCVKQP CDQWV
VJG CEEKFGPV D[ OGCPU QH C OCR QH 'WTQRG CPF UQOG JGCFNKPGU QH PGYURCRGTU HTQO CTQWPF
VJG VKOG QH VJG CEEKFGPV 
GI 	&KUCUVGT KP PWENGCT RQYGT UVCVKQP PGCT -KGX KP 5QXKGV 7PKQP	
	%JGOKECN GZRNQUKQP NGCF VQ PWENGCT FKUCUVGT	 	2QRWNCVKQP QH HKHV[ XKNNCIGU KP $[GNQTWUUKC
GXCEWCVGF	
5WDUGSWGPVN[ VJG ITQWRU CTG IQKPI VQ YQTM QP VCUMU  CPF  6JGUG VYQ VCUMU JCXG VJG
UCOG UVTWEVWTG CU VCUM  CPF  CDQXG +P VCUM  VJG ITQWRU JCXG VQ VJKPM CDQWV JQY UQOG
EQPUGSWGPEGU QH VJG %JGTPQD[N CEEKFGPV JCXG EQOG CDQWV CPF KP VCUM  VJG[ UWDUGSWGPVN[
JCXG VQ VJKPM CDQWV JQY VJG[ ECP DTKPI CDQWV UKOKNCT UWEJ EQPUGSWGPEGU YKVJ VJG OCVGTKCN
RTGUGPV KP VJG ENCUUTQQO 
KP RCTVKEWNCT 	VJGKT RQYGT UVCVKQP	
 #NUQ KP VJG 0GVJGTNCPFU VJG EQPUGSWGPEGU YGTG PQVKEGCDNG
0QV LWUV HQT VJG UWTTQWPFKPIU QH %JGTPQD[N FKF VJG CEEKFGPV JCXG EQPUG
SWGPEGU +P VJG 0GVJGTNCPFU VQQ YG IQV UQOG RTQDNGOU YJGTGCU %JGTPQD[N
KU OQTG VJCP  MO CYC[ HTQO VJG 0GVJGTNCPFU
=6JG JGCFKPIU VTCPUNCVG KPVQ VJKPIU NKMG 	4CFKCVKQP NGXGNU TKUG VQ OQTG VJCP VJTGG
VKOGU VJG WUWCN XCNWGU	 CPF 	5WDUVCPVKCN KPETGCUG QH TCFKQCEVKXKV[ KP +,UUGNOGGT CPF
DKI TKXGTU	?
C #HVGT VJG CEEKFGPV OQTG TCFKCVKQP VJCP PQTOCN YCU OGCUWTGF KP VJG 0GVJGTNCPFU *QY
EQWNF VJCV JCXG EQOG CDQWV!
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

=2KEVWTG QH C ITGGPITQEGT	U YKVJ VJG NGVVGTRTGUU 	(TGUJ XGIGVCDNGU CTG JCTFN[ UQNF
CP[ NQPIGT	 2KEVWTG QH UQOGQPG OGCUWTKPI YKVJ C )GKIGT EQWPVGT PGCT C ETCVG QH
URKPCEJYKVJ VJG NGVVGTRTGUU 	*QOGITQYP URKPCEJ KU DGKPI EJGEMGF HQT TCFKQCEVKX
KV[	 # JGCFKPI VJCV TGCFU 	%QPUWORVKQP QH HTGUJ URKPCEJ PQV CFXKUCDNG	?
D +P VJG 0GVJGTNCPFU RGQRNG YGTG CNUQ CFXKUGF CICKPUV GCVKPI HTGUJ XGIGVCDNGU #PF VJG
URKPCEJ VJCV YCU JCTXGUVGF CTQWPF VJCV VKOG JCF VQ DG YKVJFTCYP HTQO VJG OCTMGV +V
YCU CNUQ PQV CNNQYGF VQ UGNN HTGUJ OKNM #NN VJQUG HTGUJ VJKPIU YGTG VQQ TCFKQCEVKXG
*QY EQWNF VJQUG HTGUJ VJKPIU JCXG DGEQOG TCFKQCEVKXG!
 +OKVCVKQPU QH VJG %JGTPQD[N CEEKFGPV
C #HVGT VCUM  [QW JCXG DWKNV C 	PWENGCT RQYGT UVCVKQP	 .GV WU ECNN VJG RNCEG YJGTG KV KU
UVCPFKPI 	%JGTPQD[N	 #PF NGV WU ECNN UQOG RNCEG CV VJG QRRQUKVG UKFG QH VJG ENCUUTQQO
	VJG 0GVJGTNCPFU	
*QY ECP KV DG DTQWIJV CDQWV VJCV TCFKCVKQP KU OGCUWTGF KP 	VJG 0GVJGTNCPFU!	 9JCV
YQWNF JCXG VQ JCRRGP HQT VJG NCVVGT VQ DG VJG ECUG!
9TKVG FQYP DGNQY C RNCP VQ OCMG KV VJG ECUG VJCV TCFKCVKQP KU OGCUWTGF KP 	VJG 0GVJGT
NCPFU	 1T UGXGTCN UWEJ RNCPU KH [QW ECP VJKPM QH OQTG VJCP QPG 
/CMG UWTG VJCV CNN [QWT
RNCPU ECP CEVWCNN[ DG ECTTKGF QWV
D 9QWNF [QW DG CDNG VQ OCMG GI CP CRRNG TCFKQCEVKXG YKVJ VJG VJKPIU KP [QWT ENCUUTQQO!
9TKVG FQYP DGNQY C RNCP 1T OQTG RNCPU KH [QW VJKPM KV ECP DG FQPG KP OQTG YC[U

#ICKP [QWT RNCPU OWUV DG RGTHQTOCDNG
+V KU GZRGEVGF VJCV KP FGXKUKPI RNCPU VQ KOKVCVG VJQUG EQPUGSWGPEGU QH VJG %JGTPQD[N CEEKFGPV
VJG ITQWRU YKNN DG IWKFGF D[ YJCV VJG[ MPQY CDQWV VJG %JGTPQD[N CEEKFGPV VJCV DGECWUG
QH VJG GZRNQUKQP KP VJG RQYGT UVCVKQP UQOG TCFKCVKQP GUECRGF VJCV VJG YKPF ECTTKGF UQOG
QH VJG TCFKCVKQP VQYCTFU VJG 0GVJGTNCPFU VJCV VJG HTGUJ XGIGVCDNGU ECOG VQ EQPVCKP
TCFKCVKQP GVE 
EH EJCRVGT  QH VJKU VJGUKU 6JG[ OC[ VJWU YCPV VQ DTGCM VJGKT 	RQYGT
UVCVKQP	 ECWUG C FTCWIJV HTQO 	%JGTPQD[N	 VQYCTFU 	VJG 0GVJGTNCPFU	 OCMG VJG CRRNG UVCPF
KP VJG TCFKCVKQP GOKVVGF D[ UQOG TCFKQCEVKXG QDLGEV GVE #ICKP KV KU GZRGEVGF VJCV VJG[ YKNN
WUG C )GKIGT EQWPVGT VQ EJGEM YJGVJGT VJGKT RNCPU FQ KPFGGF DTKPI CDQWV YJCV VJG[ YGTG
CUMGF VQ DTKPI CDQWV YJGVJGT CU C TGUWNV QH VJGKT CEVKQPU KV FQGU UVCTV VKEMKPI CV C OQTG VJCP
PQTOCN TCVG KP 	VJG 0GVJGTNCPFU	 QT PGCT VJG CRRNG
#HVGT VJG RNCPU QH VJG UGXGTCN ITQWRU JCXG DGGP NKUVGF VJG FKHHGTGPV RNCPU CTG ECTTKGF QWV CV
ENCUU NGXGN 
GCEJ RNCP D[ C ITQWR VJCV JCU RTQRQUGF KV 6JG VGCEJGT EJQQUGU UQOG CRRTQRTKCVG
QTFGT KP VJG RNCPU GI HKTUV VJG RNCP VQ DTGCM VJG 	RQYGT RNCPV	 CPF VJGP VJG RNCP VQ CNUQ
WUG C HCP 6JG RWRKNU CTG CUMGF VQ DTKGHN[ PQVG FQYP KP VCUM  CNN VJG RNCPU VJCV CTG ECTTKGF
QWV CPF VJGKT EQPENWUKQPU EQPEGTPKPI GCEJ QH VJG RNCPU )KXGP VJG GZRGEVCVKQPU CDQWV VJG UQTV
QH GZRGTKOGPVU VJG[ YKNN ECTT[ QWV KV KU GZRGEVGF VJCV COQPI VJQUG EQPENWUKQPU VJGTG YKNN
DG QPGU NKMG
 DTGCMKPI VJG 	RQYGT UVCVKQP	 OCFG VJG )GKIGT EQWPVGT UVCTV VKEMKPI KP 	%JGTPQD[N	 DWV PQV
KP 	VJG 0GVJGTNCPFU	
 VJG )GKIGT CNUQ FKF PQV UVCTV VKEMKPI YJGP VJGTG YCU C FTCWIJV VQYCTFU 	VJG 0GVJGTNCPFU	
 RNCEKPI VJG CRRNG PGZV VQ QPG QH VJG TCFKQCEVKXG UVQPGU HQT C YJKNG FKF PQV OCMG KV TCFKQ
CEVKXG
# 2TQDNGO2QUKPI #RRTQCEJ
 +V OC[ DG CTIWGF VJCV UKPEG VJG RTQDNGO JCF EQOG CDQWV CU C TGUWNV QH VJGKT HCKNWTG VQ OCMG UQOGVJKPI
TCFKQCEVKXG CHVGT VJKU HKTUV UVGR VJG RTQDNGO YKNN UVKNN JCXG MGRV OWEJ QH KVU HQTEG HQT VJG RWRKNU CPF VJCV
VJGTGHQTG VJG HKTUV UVGR QWIJV PQV VQ DG KPENWFGF KP VJG UGEQPF RGTKQF DWV TCVJGT KP CP KPVGTOGFKCVG UVCIG DGVYGGP
VJGKT HQTOWNCVKPI VJG RTQDNGO CPF VJGKT UQNXKPI VJG RTQDNGO 9GNN VJCV	U CNN TKIJV D[ OG + JCXG CNTGCF[ PQVGF

5WEJ EQPENWUKQPU OC[ CNUQ OCMG VJG RWRKNU RTQRQUG PGY RNCPU VJCV CEEQTFKPI VQ VJGO YKNN
NGCF VQ VJG FGUKTGF TGUWNV CPF VJCV VJG[ YCPV VQ ECTT[ QWV HQT VJG TGCUQP VJCV VJWU VJG[ YKNN
DG RTQXGF TKIJV 
EH UGEVKQP  'I VQ PQV LWUV ECWUG C FTCWIJV HTQO 	%JGTPQD[N	
VQYCTFU 	VJG 0GVJGTNCPFU	 DWV VQ CNUQ OCMG KV 	TCKP	 CDQXG 	VJG 0GVJGTNCPFU	 VQ PQV LWUV
RNCEG VJG CRRNG PGCT QPG QH VJG UVQPGU DWV VQ RWV KV KP VJG OWEJ UVTQPIGT :TC[ OCEJKPG
+V KU GZRGEVGF VJCV UQOGYJGTG KP VJG CDQXG RTQEGUU VJG RWRKNU YKNN EQOG VQ CRRTGEKCVG VJG
EGPVTCN RTQDNGO JQY CP QDLGEV ECP DG OCFG TCFKQCEVKXG CPF JQY PQV CPF VJCV VJG[ VJGP
CRRTGEKCVG KV KP VJG TKIJV YC[ 6JCV KU VJCV VJG[ VJGP WPFGTUVCPF KV KP CEEQTFCPEG YKVJ VJG
CITGGOGPVU OCFG GCTNKGT CPF UGG KV CU C TGCN RTQDNGO YJKEJ KU YQTVJ C HWTVJGT KPXGUVKICVKQP
#NVJQWIJ VJG[ OC[ PQV [GV UGG VJG UQNWVKQP VQ VJG RTQDNGO VJG[ OWUV UQOGJQY JCXG IQV
VJG KFGC VJCV UQNXKPI KV KU PQV DG[QPF VJGKT TGCEJ 2GTJCRU VJG[ JCXG IQV UQOG HCKPV KFGCU
CDQWV JQY VQ VCEMNG KV 6JG[ OC[ CNUQ RGTJCRU D[ UJGGT NWEM CNTGCF[ JCXG RTQRQUGF RNCPU
VJCV CHVGT JCXKPI CRRTGEKCVGF VJG RTQDNGO VJG[ PQY EQOG VQ TGEQIPK\G CU 
RCTVKCN EQPVTKDW
VKQPU VQ KVU UQNWVKQP GI VQ RWV QPG QH VJG TCFKQCEVKXG UVQPGU KPUKFG VJG CRRNG +P CP[ ECUG
KV KU GZRGEVGF VJCV VJG RWRKNU YKNN JCXG CP QRGP G[G CPF OKPF HQT RQUUKDNG EQPVTKDWVKQPU VQ
VJG UQNWVKQP QH VJGKT RTQDNGO CPF FQ JCXG VJG 	GSWKROGPV	 VQ TGEQIPK\G EQPVTKDWVKQPU VQ KVU
UQNWVKQP CU UWEJ
6JG VGCEJGT	U TQNG KP VJG CDQXG RTQEGUU KU GUUGPVKCNN[ QPG QH EQORNKOGPVKPI UVTWEVWTKPI
CPF RTQXKFKPI CP QWVNQQM QH YJCV KU VQ EQOG 'I PQVKPI VJCV VJG RTQDNGO VJG[ JCXG JKV
QP KU C IQQF CPF KPFGGF C UGTKQWU QPG VJCV FGUGTXGU VQ DG UVQTGF KP VJG UWOOCT[ WPFGT VJG
JGCFKPI 	3WGUVKQPU YG UVKNN JCXG VQ HKPF CP CPUYGT VQ	 RTQOKUKPI VJCV VJG[ VJGOUGNXGU YKNN
EQOG VQ UQNXG VJG RTQDNGO YKVJKP QPG QT VYQ NGUUQPU GORJCUK\KPI VJCV YJKNG VJG[ FQ PQV
[GV MPQY VJG UQNWVKQP VJG[ UVKNN JCXG NGCTPGF SWKVG C NQV PCOGN[ YJCV VJG[ JCXG EQPENWFGF
HTQO ECTT[KPI QWV VJG RNCPU GVE
 (TQO ITQWPF NGXGN VQ SWCNKVCVKXG FGUETKRVKXG NGXGN
6JKU UGEVKQP EQPEGTPU VJG UGEQPF RGTKQF KP YJKEJ RWRKNU EQOG VQ UQNXG VJG IGPGTCN RTQDNGO
JQY VJKPIU ECP DG OCFG TCFKQCEVKXG CPF JQY PQV D[ CTTKXKPI CV C SWCNKVCVKXG FGUETKRVKXG
NGXGN C UGV QH IGPGTCN UVCVGOGPVU VJCV CTG HQTOWNCVGF KP UWEJ VGTOU CU 	KU TCFKQCEVKXG	 	KU
KTTCFKCVGF D[	 CPF 	KU EQPVCOKPCVGF	 # HKTUV UVGR EQPEGTPU VJG 	JQY PQV	 RCTV QH VJG RTQDNGO
+V EQPUKUVU KP NGVVKPI RWRKNUOCMG GZRNKEKV EQPUQNKFCVG CPF IGPGTCNK\G UQOG QH VJG EQPENWUKQPU
VJCV JCXG CNTGCF[ KORNKEKVN[ DGGP GUVCDNKUJGF KP VJG RTQEGUU VJCV NGCF VQ VJG HQTOWNCVKQP QH
VJG RTQDNGO PCOGN[ D[ UVKOWNCVKPI VJGO VQ PQVG UKOKNCTKVKGU DGVYGGP VJG CEVKQPU VJG[ JCXG
RGTHQTOGF CPF CRRTQRTKCVGN[ EJQUGP PGY UKVWCVKQPU CPF VQ HTCOG VJGUG UKOKNCTKVKGU KP VJG
VGTOU VJCV CTG RTGRCTGF KP VJG RTGEGFKPI +P RCTVKEWNCT KV KU GZRGEVGF VJCV RWRKNU YKNN VJWU
CTTKXG CV VJG HQNNQYKPI IGPGTCN UVCVGOGPV CP QDLGEV FQGU PQV DGEQOG TCFKQCEVKXG D[
KTTCFKCVKQP
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[
VJCV + FQ PQV UGG CP[ YQTVJ KP VT[KPI VQ FTCY UJCTR NKPGU YJGTG VJGTG CTG PQPG FTCYKPI UJCTR NKPGU UJQWNF PQV
DGEQOG CP GPF KP KVUGNH

# UGEQPF UVGR EQPEGTPU VJG 	JQY	 RCTV QH VJG RTQDNGO CPF WUGU C RTQEGFWTG UKOKNCT VQ
VJG CDQXGQPG UVKOWNCVKPIRWRKNU VQ PQVG FKHHGTGPEGU DGVYGGP VJG CEVKQPU VJG[ JCXG RGTHQTOGF
CPF CRRTQRTKCVGN[ EJQUGP PGY UKVWCVKQPU +V KU GZRGEVGF VJCV KP VJKU UGEQPF UVGR VJG[ EQOG
VQ UGG VJG RQKPV QH RC[KPI URGEKCN CVVGPVKQP VQ RTQEGUUGU KP YJKEJ UQOGVJKPI EQOGU VQ EQPVCKP
TCFKQCEVKXG OCVGTKCN CPF VJWU CNUQ VJG RQKPV QH JCXKPI CXCKNCDNG C VGTO VQ TGHGT VQ UWEJ
RTQEGUUGU EQPVCOKPCVKQP
+P VJG CDQXG UVGRU RWRKNU CTG EJCNNGPIGF VQ RNC[ CP CEVKXG RCTV KP VJG GUVCDNKUJOGPV QH C
U[UVGO QH IGPGTCNK\CVKQPU VJCV KU CRRTQRTKCVG VQ CPUYGT VJGKT RTQDNGO KP QTFGT VJCV VJG[ DGUV
EQOG VQ CRRTGEKCVG JQY YJGP CPF YJGP PQV VQ CRRN[ VJQUG 
CPF RGTJCRU CNUQ VQ OCMG VJGO
CRRTGEKCVG VJG NKOKVCVKQPU QH VJQUG KG VQ KPFWEG UQOG VJGQTGVKECN PGGF KP VJGO +P C VJKTF
UVGR KV KU VTKGF VQ OCMG VJGO HGGN DGVVGT CV JQOG KP VJG GUVCDNKUJGF U[UVGO QH IGPGTCNK\CVKQPU
D[ EJCNNGPIKPI VJGO VQ WUG KV HQT GZRNCPCVKQPU CPF RTGFKEVKQPU KP UKVWCVKQPU VJCV FQ PQV
EQPEGTP VJGKT QYP CEVKQPU DWV CTG UVKNN QH UQOG RTCEVKECN KPVGTGUV KP RCTVKEWNCT VQ GXCNWCVG
VJG WUG QH UCHGV[ OGCUWTGU
 (KPFKPI UQOG IGPGTCN UVCVGOGPVU D[ NQQMKPI DCEM CV JQY VJG RTQDNGO
JCU EQOG CDQWV
#HVGT VJG RTQDNGO JCU EQOG HQTYCTF VJG VGCEJGT RTQRQUGU VQ HKTUV IKXG VJG RWRKNU C EJCPEG
VQ CRRN[ YJCV VJG[ JCXG CNTGCF[ NGCTPGF KP UQOG PGY UKVWCVKQPU DGHQTG VJG[ YKNN TGVWTP VQ
VJG RTQDNGO 6JG PGY UKVWCVKQPU CTG VJTGG CRRNKECVKQPU QH TCFKCVKQP UQOG QH YJKEJ OC[ DG
PGY VQ VJG RWRKNU HQQF KTTCFKCVKQP 
VTGCVGF KP UGEVKQP  QH VJG VGZVDQQM UVGTKNK\CVKQP QH
U[TKPIGU 
UGEVKQP  CPF TCFKCVKQP VTGCVOGPV QH ECPEGT 
UGEVKQP 
+P GCEJ QH VJG OGPVKQPGF UGEVKQPU CP CRRNKECVKQP KU DTKGHN[ KPVTQFWEGF D[ UQOG KPHQTOCVKQP
QP YJCV KU FQPG CPF YJ[ KV KU FQPG (QQF KTTCFKCVKQP HQT KPUVCPEG KU KPVTQFWEGF D[ UC[KPI
VJCV UQOG HQQF GCUKN[ IQGU QHH DGECWUG KV KU GCUKN[ GHHGEVGF D[ DCEVGTKC QT OQWNF VJCV
TCFKQCEVKXG TCFKCVKQP MKNNU VJG DCEVGTKC CPF OQWNF UQ VJCV CHVGT KTTCFKCVKQP VJG HQQF ECP VJGP
MGGR NQPIGT 6YQ RKEVWTGU CTG EQPVTCUVGF QPG QH UVTCYDGTTKGU VJCV CTG KTTCFKCVGF CPF QPG
QH UVTCYDGTTKGU VJCV CTG PQV 5QOG KPHQTOCVKQP KU IKXGP 
DQVJ XGTDCNN[ CPF RKEVQTKCNN[ CDQWV
C TQQO KP YJKEJ HQQF KU DGKPI KTTCFKCVGF KP VJG OKFFNG KU C UQWTEG EQPVCKPKPI TCFKQCEVKXG
OCVGTKCN CTQWPF KV TQVCVG ETCVGU QH HQQF 6JG QVJGT VYQ CRRNKECVKQPU CTG UKOKNCTN[ KPVTQFWEGF
6JG KPVTQFWEVKQP VQ CP CRRNKECVKQP KU HQNNQYGF D[ UQOG SWGUVKQPU CDQWV KV 
UGG DGNQY
6JG RWRKNU CTG VQ YQTM VJTQWIJ VJG VJTGG UGEVKQPU KP UOCNN ITQWRU VJCV KU UVWF[ VJG IKXGP
KPHQTOCVKQP CPF CPUYGT VJG SWGUVKQPU 6JG[ CTG CNUQ KPXKVGF VQ ECTT[ QWV GZRGTKOGPVU KH VJG[
HKPF VJCV OKIJV JGNR VJGO KP CPUYGTKPI VJG SWGUVKQPU
 6JG UCNG QH KTTCFKCVGF HQQF
C 9JCV KU VJG CKO QH HQQF KTTCFKCVKQP!
D +TTCFKCVGF HQQF KU UKORN[ UQNF KP UJQRU +P UQOG EQWPVTKGU KV UJQWNF UC[ QP VJG RCEMKPI
VJCV KV KU KTTCFKCVGF +P VJG 0GVJGTNCPFU VJKU KU PQV EQORWNUQT[
0QY UWRRQUG VJCV KP VJG 0GVJGTNCPFU VQQ KV KU OCFG EQORWNUQT[ #PF [QW JCF VQ KPFKECVG
QP VJG RCEMKPI VJCV VJG EQPVCKPGF HQQF KU KTTCFKCVGF
# 2TQDNGO2QUKPI #RRTQCEJ
 #P QTFKPCT[ &WVEJ IKTN	U PCOG PQ LQMGU RNGCUG

=2KEVWTG QH VJG 	TCFKQCEVKXKV[UKIP	?
9QWNF [QW WUG VJG CDQXG UVKEMGT HQT VJCV RWTRQUG!
6JKU UVKEMGT UJQWNF  UJQWNF PQV DG WUGF QP KTTCFKCVGF HQQF DGECWUG
 6JG WUG QH KTTCFKCVGF U[TKPIGU
C 9JCV KU VJG CKO QH KTTCFKCVKPI U[TKPIGU!
D ,QMG UC[U + UKORN[ FQ PQV WPFGTUVCPF VJCV VJG[ KTTCFKCVG U[TKPIGU +V OC[ YGNN DG VJCV
C RCVKGPV FQGU PQV IGV KPHGEVKQPU UKPEG VJG DCEVGTKC CTG MKNNGF $WV VJG RCVKGPV FQGU IGV
KTTCFKCVGF C DKV D[ VJG U[TKPIG #PF VJCV VQQ KUP	V TGCNN[ JGCNVJ[ KU KV!
9G FQ  FQ PQV CITGG YKVJ ,QMG DGECWUG
 6JG ECTG QH KTTCFKCVGF ECPEGT RCVKGPVU
C 9JCV KU VJG CKO QH KTTCFKCVKPI ECPEGT RCVKGPVU!
D #HVGT ECPEGT RCVKGPVU JCXG DGGP KTTCFKCVGF VJG[ IQ DCEM VQ VJG YCTF 6JGTG VJG[ CTG
VCMGP ECTG QH D[ PWTUGU
&Q VJG PWTUGU TGEGKXG CP[ TCFKCVKQP HTQO VJG KTTCFKCVGF RCVKGPVU! &Q VJG PWTUGU JCXG VQ
RTQVGEV VJGOUGNXGU GI D[ YGCTKPI NGCF CRTQPU!
9JGP VCMKPI ECTG QH VJG RCVKGPVU NGCF CRTQPU CTG  CTG PQV PGGFGF DGECWUG
+ VJKPM VJCV UQOGQPG YJQ MPQYU VJG HQNNQYKPI IGPGTCN UVCVGOGPVU YKNN TGEQIPK\G VJCV VJQUG
UVCVGOGPVU JCXG CRRNKECVKQP KP VJG VJTGG CDQXG CRRNKECVKQPU D[ OGCPU QH KTTCFKCVKQP
QTICPKUOU QT EGNNU ECP DG MKNNGF CP QDLGEV FQGU PQV DGEQOG TCFKQCEVKXG D[ KTTCFKCVKQP 6JG
RQKPV QH UGEVKQPU  VQ  KU EQPXGTUGN[ VJCV VJG ITQWRU EQOG VQ GZRNKEKVN[ HQTOWNCVG UWEJ
IGPGTCN UVCVGOGPVU D[ TGEQIPK\KPI UKOKNCTKVKGU DGVYGGP UQOG QH VJG GZRGTKOGPVU VJG[ JCXG
LWUV FQPG CPF GCEJ QH VJG VJTGG CRRNKECVKQPU CPF DGVYGGP VJG CRRNKECVKQPU COQPI VJGOUGNXGU
+V KU CNUQ GZRGEVGF VJCV VJG[YKNN DG CDNG VQ TGEQIPK\G VJQUG UKOKNCTKVKGU 
UGG DGNQY 6JG RQKPV
QH VT[KPI VQ OCMG VJGO CTTKXG CV DQVJ IGPGTCN UVCVGOGPVU OQTG QT NGUU UKOWNVCPGQWUN[ 
QT
QH CUMKPI DQVJ VJG CRCTVU CPF VJG DRCTVU KU VQ RTGXGPV C EQPENWUKQP VJCV UQOG QH VJG RWRKNU
YJQ YQTMGF YKVJ VJG HKTUV XGTUKQP QH VJG VGZVDQQM DGNKGXGF YCU HQTEGF QP VJGO PCOGN[ VJCV
KTTCFKCVKQP KU PQV FCPIGTQWU 
EH UGEVKQP  +V KU RTGXGPVGF HKTUV QH CNN D[ PQV WUKPI VJG
WPURGEKHKE VGTO 	FCPIGTQWU	 
CU YCU FQPG KP VJG VCUMU QH HKTUV XGTUKQP GI KU KV FCPIGTQWU
VQ GCV KTTCFKCVGF HQQF! CPF UGEQPFN[ DGECWUG VJG VYQ IGPGTCN UVCVGOGPVU VQIGVJGT CNNQY
C DGVVGT YC[ VQ HQTOWNCVG VJG UVCVG QH CHHCKTU D[ OGCPU QH KTTCFKCVKQP FCOCIG ECP DG FQPG
VQ CP QTICPKUO 
KP VJKU UGPUG VJG RTQEGUU QH KTTCFKCVKQP ECP DG UCKF VQ DG FCPIGTQWU DWV CP
QDLGEV FQGU PQV DGEQOG TCFKQCEVKXG KP VJG RTQEGUU QH KTTCFKCVKQP 
KP VJKU UGPUG CP KTTCFKCVGF
QDLGEV ECP DG UCKF VQ RTGUGPV PQ FCPIGT VQ KVU UWTTQWPFKPIU
6JGKT GZRNKEKV HQTOWNCVKQP QH VJG IGPGTCN UVCVGOGPV VJCV QTICPKUOU QT EGNNU ECP DG MKNNGF D[
OGCPU QH KTTCFKCVKQP KU OQUV NKMGN[ PQV RTQDNGOCVKE CV CNN 6JG HCEV VJCV TCFKCVKQP FQGU JCXG
FCOCIKPI GHHGEVU KU CNTGCF[ YGNNMPQYP VQ RWRKNU 
EH EJCRVGT  QH VJKU VJGUKU /QTGQXGT
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[
 +H PGEGUUCT[ VJG VGCEJGT OC[ OCMG VJGO GZRNKEKVN[ VJKPM CDQWV UKOKNCTKVKGU D[ SWGUVKQPU CPF TGOCTMU UWEJ CU
JCXG [QW PQVKEGF CP[VJKPI UKOKNCT KP VJG CRCTVU DQVJ KP VJG SWGUVKQPU CPF VJG CPUYGTU! KV KU LWUV NKMG YJGP
[QW VTKGF VQ OCMG CP CRRNG TCFKQCEVKXG D[ RNCEKPI KV PGZV VQ C TCFKQCEVKXG UVQPG HQT C YJKNG GVE

CNN VJTGG CRRNKECVKQPU CTG KPVTQFWEGF KP VJG EQPVGZV QH MKNNKPI WPYCPVGF GNGOGPVU 6JG
UKOKNCTKV[ KP VJG CRCTVU QH VJG CDQXG SWGUVKQPU HKPCNN[ OC[ CNUQ UVKOWNCVG UKOKNCT CPUYGTU
+V KU CNUQ GZRGEVGF VJCV VJGKT EQOKPI VQ GZRNKEKVN[ HQTOWNCVG VJG IGPGTCN UVCVGOGPV VJCV CP
QDLGEV FQGU PQV DGEQOG TCFKQCEVKXG D[ KTTCFKCVKQP KU UWHHKEKGPVN[ RTGRCTGF D[ VJG RTGEGFKPI
CPF VJCV OQTGQXGT VJG KPHQTOCVKQP IKXGP CDQWV VJG CRRNKECVKQPU CPF VJG DRCTVU QH VJG
SWGUVKQPU YKNN HWTVJGT FTKXG VJGO KP VJCV FKTGEVKQP (QT KP VJG EQWTUG QH ECTT[KPI QWV VJGKT
RNCPU VQ OCMG CP CRRNG TCFKQCEVKXG VJG[ OC[ CNTGCF[ JCXG PQVGF VJCV UGXGTCN CEVKQPU FKF PQV
TGUWNV KP VJCV QWVEQOG 6JG[OC[ GI PQV QPN[ JCXG RNCEGF VJG CRRNG PGCT C TCFKQCEVKXG UVQPG
HQT C YJKNG DWV CNUQ HQT C TCVJGT NQPI RGTKQF QT VJG[ OC[ JCXG RWV VJG CRRNG KP VJG OWEJ
UVTQPIGT :TC[ OCEJKPG #PF KH VJG[ JCXG RGTHQTOGF VJG NCVVGT VYQ CEVKQPU VJG[ YKNN
RTQDCDN[ JCXG FQPG UQ HQT VJG TGCUQP VQ OCMG VJG CRRNG UVCPF NQPIGT KP TCFKCVKQP QT KP VJG
TCFKCVKQP QH C 	UVTQPIGT	 UQWTEG 6JG[ YKNN VJWU DG CYCTG VJCV CNN VJTGG CEVKQPU CTG ECUGU QH
OCMKPI VJG CRRNG UVCPF KP TCFKCVKQP 
KG ECUGU QH KTTCFKCVKQP (WTVJGTOQTG KH VJG[ VJKPM
QH YC[U VQ KOKVCVG VJG CRRNKECVKQPU CU VJG[ CTG UWIIGUVGF VQ FQ YJGP YQTMKPI QP VJG
SWGUVKQPU  VQ  CDQXG VJG[ OC[ HKPF VJCV VJQUG KOKVCVKQPU YKNN DG TCVJGT UKOKNCT VQ YJCV VJG[
JCXG FQPG YJGP VT[KPI VQ OCMG VJG CRRNG TCFKQCEVKXG KV KU QPN[ VJCV VJG CRRNG YKNN JCXG VQ
DG TGRNCEGF D[ UQOGVJKPI GNUG 6JKU OC[ GXGP DG OQTG GXKFGPV KP VJG HKTUV CRRNKECVKQP VJG[
GPEQWPVGT 
HQQF KTTCFKCVKQP #NUQ VJG VGCEJGT	U KPVTQFWEVKQP QH VJG CRRNKECVKQPU KP VGTOU QH
VT[KPI VQ CRRN[ YJCV VJG[ JCXG LWUV NGCTPGF KP UQOG PGY UKVWCVKQPU OC[ UVKOWNCVG VJGO VQ
UGCTEJ HQT UKOKNCTKVKGU (KPCNN[ KV KU GZRGEVGF VJCV VJG[ YKNN WPFGTUVCPF GCEJ QH VJG DRCTVU
QH VJG VJTGG CDQXG SWGUVKQPU CU C XCTKCVKQP QP VJG SWGUVKQP YJGVJGT UQOGVJKPI JCU DGEQOG
TCFKQCEVKXG VJCV VJG[ MPQY VJG 	TCFKQCEVKXKV[UKIP	 UJQWNF QPN[ DG UVWEM QP QDLGEVU KP VJG
XKEKPKV[ QH YJKEJ C )GKIGT EQWPVGT VKEMU VJCV VJG[ MPQY QPG QPN[ UVCPFU KP VJG TCFKCVKQP QH
CP QDLGEV 
KU KTTCFKCVGF D[ KV TGEGKXGU TCFKCVKQP HTQO KV KH C )GKIGT EQWPVGT VJCV QPG JQNFU
KP QPG	U JCPFU KU VKEMKPI
9JGP FKUEWUUKPI VJG SWGUVKQPU CHVGT VJG ITQWR YQTM VJG VGCEJGT	U RCTVKEKRCVKQP YKNN JCXG
VQ EQPUKUV KP VT[KPI VQ OCMG VJG RWRKNU GZRNKEKVN[ HQTOWNCVG VJG UQTV QH IGPGTCN UVCVGOGPVU
OGPVKQPGF CDQXG 5KPEG KV KU GZRGEVGF QP VJG CDQXG ITQWPFU VJCV VJG RWRKNU YKNN CNTGCF[
JCXG PQVKEGF VJG TGNGXCPV UKOKNCTKVKGU KV KU CNUQ GZRGEVGF VJCV VJG RWRKNU YKNN DG CDNG VQ
HQTOWNCVG VJG UKOKNCTKVKGU DGECWUG VJG XQECDWNCT[ VQ FQ UQ JCU CNTGCF[ DGGP RTGRCTGF KP VJG
RTGEGFKPI
6JG IGPGTCN UVCVGOGPVU ECP DG YTKVVGP FQYP KP VJG UWOOCT[ WPFGT VJG JGCFKPI 	+ORQTVCPV
VQ TGOGODGT	 2GTJCRU UQOG RWRKNU YKNN YQPFGT YJ[ KV KU VJCV CP QDLGEV FQGU PQV DGEQOG
TCFKQCEVKXG D[ KTTCFKCVKQP YJCV VJGP JCRRGPU VQ VJG TCFKCVKQP! +P VJCV ECUG VJG VGCEJGT PQVGU
VJCV VJKU KU CICKP CP KORQTVCPV CPF IQQF SWGUVKQP DWV VJCV KV YKNN VCMG UQOG VKOG DGHQTG
KV ECP DG RTQRGTN[ CPUYGTGF +P QTFGT VJCV KV YKNN PQV DG HQTIQVVGP KV KU VJGTGHQTG DGUV VQ UVQTG
KV KP VJG UWOOCT[ WPFGT VJG JGCFKPI 	3WGUVKQPU YG UVKNN JCXG VQ HKPF CP CPUYGT VQ	
 5QNXKPI VJG RTQDNGO D[ HKPFKPI OQTG IGPGTCN UVCVGOGPVU
6CEMNKPI VJG RTQDNGO
# 2TQDNGO2QUKPI #RRTQCEJ

#HVGT VJG FKUEWUUKQP QH VJG UGEVKQPU  VQ  QH VJG VGZVDQQM VJG VGCEJGT PQVGU VJCV HTQO
VJG FGVQWT CNQPI EJCRVGT  VJG[ FQ MPQY PQY VJCV QDLGEVU FQ PQV DGEQOG TCFKQCEVKXG D[
KTTCFKCVKQP CPF FTCYU VJGKT CVVGPVKQP VQ VJG RTQDNGO VJG[ JCXG HQTOWNCVGF KP EJCRVGT  (QT
VJKU RTQDNGO UVKNN UVCPFU JQY ECP CP QDLGEV DG OCFG TCFKQCEVKXG! *QY KU KV VJCV DGECWUG QH
VJG %JGTPQD[N CEEKFGPV HTGUJ XGIGVCDNGU JCF DGEQOG TCFKQCEVKXG QT VJCV OQTG VJCP PQTOCN
TCFKCVKQP EQWNF DG OGCUWTGF KP VJG 0GVJGTNCPFU! 9J[ KU KV VJCV VJGKT CVVGORVU VQ OCMG C
)GKIGT EQWPVGT VKEM CV C OQTG VJCP PQTOCN TCVG KP 	VJG 0GVJGTNCPFU	 QT PGCT VJG CRRNG FKF
PQV UWEEGGF!
6JG VGCEJGT RTQRQUGU VQ IQ DCEM VQ VJG RQKPV YJGTG VJG[ JCXG NGHV EJCRVGT  PCOGN[
UGEVKQP  
4CFKQCEVKXG YCUVG 6JKU UGEVKQP EQPUKUVU QH VJG DGNQY VCUM CPF VJG VGCEJGT UGVU
VJG ITQWRU VQ YQTM QP VJKU VCUM YJKNG PQVKPI VJCV KV OC[ JGNR VJGO KP UQNXKPI VJG RTQDNGO
 4CFKQCEVKXG YCUVG KP VJG +TKUJ 5GC
0WENGCT RQYGT RNCPVU RTQFWEG TCFKQCEVKXG YCUVG 6JCV KU YCUVG EQPUKUVKPI QH TCFKQCEVKXG
OCVGTKCN
4CFKQCEVKXG YCUVG KU UQOGVKOGU FWORGF KP UGC 6JCV KU XGT[ EQPVTQXGTUKCN CU [QW OC[
ICVJGT HTQO VJG DGNQY CTVKENGU
=# JGCFNKPG UC[KPI $TKVKUJ HCEVQT[ FWORU VQQOWEJ PWENGCT YCUVG# PGYURCRGT
EWVVKPI KP YJKEJ KV KU UCKF VJCV CP CFXKUQT[ EQOOKVVGG QH VJG $TKVKUJ IQXGTPOGPV
JCU GUVCDNKUJGF VJCV VJG RNCPV KP 5GNNCHKGNF UVKNN FWORU PGGFNGUUN[ OWEJ TCFKQCEVKXG
YCUVG KP VJG +TKUJ 5GC #OCR QH )TGCV $TKVCKP CPF VJG 4GRWDNKE QH +TGNCPF KP YJKEJ
VJG +TKUJ 5GC CPF 5GNNCHKGNF CTG KPFKECVGF?
C 5QOG HKUJ HTQO VJG +TKUJ 5GC CTG TCFKQCEVKXG
*QY EQWNF VJG[ JCXG DGEQOG TCFKQCEVKXG!
=# PGYURCRGT EWVVKPI VJCV TGCFU 
KP VTCPUNCVKQP (QT C NQPI VKOG RCUV VJG UCHGV[
PQTOU VJCV CTG CRRNKGF KP 5GNNCHKGNF CTG DGKPI ETKVKEK\GF 'PXKTQPOGPVCN
QTICPK\CVKQPU JCXG TGRGCVGFN[ KPUKUVGF QP VJG VGTOKPCVKQP QH VJG FWORKPI QH
TCFKQCEVKXG YCUVG KP UGC 0QXGODGT NCUV [GCT VJG IQXGTPOGPV JCF VQ ENQUG DGCEJGU
PGCT VJG RNCPV DGECWUG VQQ JKIJ NGXGNU QH TCFKCVKQP YGTG OGCUWTGF VJGTG?
D 5QOG DGCEJGU CV VJG +TKUJ 5GC JCF VQ DG ENQUGF 6QQ OWEJ TCFKCVKQP YCU OGCUWTGF VJGTG
*QY EQWNF VJCV JCXG EQOG CDQWV!
+V KU GZRGEVGF VJCV VJKU VCUM OC[ KPFGGF CU VJG VGCEJGT JCU UCKF YJGP KPVTQFWEKPI KV JGNR VJG
ITQWRU KP UQNXKPI VJG RTQDNGO (KTUV QH CNN KV KU GZRGEVGF VJCV DGECWUG QH VJG RTGEGFKPI VTGCV
OGPV QH UGEVKQPU  VQ  VJG UWIIGUVKQP VJCV VJG HKUJGU JCXG DGEQOG TCFKQCEVKXG D[ JCXKPI
DGGP KTTCFKCVGFYKNN DG DNQEMGF (WTVJGTOQTG VJG ITQWRU CTG GZRGEVGF VQ PQVKEG VJG UKOKNCTKV[
DGVYGGP VJG V[RG QH SWGUVKQPU CUMGF JGTG CPF KP VCUMU  CPF  CDQXG JQY UQOGVJKPI EQWNF
JCXG DGEQOG QT EQWNF DG OCFG TCFKQCEVKXG JQY KV ECP DG QT DG DTQWIJV CDQWV VJCV CV UQOG
RNCEGOQTG TCFKCVKQP VJCP PQTOCN KUOGCUWTGF DGECWUG QH UQOGVJKPI VJCV JCRRGPGF GNUGYJGTG
# PGY GNGOGPV KP VJG UKVWCVKQP QH VCUM  JQYGXGT KU VJCV YJCV JCU DGEQOG TCFKQCEVKXG 
C
HKUJ KU KVUGNH CDNG VQ OQXG CTQWPF 6JKU EKTEWOUVCPEG KU UWRRQUGF VQ RTQXKFG C ENWG VQ VJG
ITQWRU (QT KV KU GCU[ VQ KOCIKPG VJCV YJGP C HKUJ UYKOU VQQ ENQUG VQ VJG FWORGF TCFKQCEVKXG
YCUVG UQOG QH VJG TCFKQCEVKXG OCVGTKCN OC[ UVKEM VQ KVU UMKP QT VJCV C HKUJ VJCV UYKOU CNQPI
VJG TCFKQCEVKXG YCUVG OC[ KP RCUUKPI GCV DKVU QH VJG YCUVG #PF KV CNUQ UGGOU GXKFGPV VJCV
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

C )GKIGT EQWPVGT YKNN UVCTV VKEMKPI PGCT C HKUJ VJCV JCU TCFKQCEVKXG OCVGTKCN QP QT KP KV $WV
QPEG VJG UVGR JCU DGGP VCMGP VJCV CP QDLGEV DGEQOGU TCFKQCEVKXG D[ GI VCMKPI KP TCFKQCEVKXG
OCVGTKCN KV ECP CNUQ GCUKN[ DG UGGP VJCV KV KU PQV GUUGPVKCN VJCV VJG QDLGEV VQ DGEQOG TCFKQCEVKXG
KU KVUGNH CDNG VQ OQXG CNN VJCV KU PGGFGF KU VJCV KV UQOGJQY EQOGU VQ EQPVCKP TCFKQCEVKXG
OCVGTKCN +V OC[ CNUQ DG HQT KPUVCPEG VJCV UQOG QH VJG FWORGF TCFKQCEVKXG YCUVG KVUGNH JCU
DGGP FKURNCEGF D[ VJG VKFG CPF JCU VJWU DGGP YCUJGF WR CICKPUV VJG UJQTG 6JKU YQWNF
GZRNCKP YJ[ QP UQOG DGCEJGU VQQ OWEJ TCFKCVKQP YCU OGCUWTGF $[ EQORCTKPI VJKU
GZRNCPCVKQP VQ VJGKT CVVGORVU VQ OCMG KV VJG ECUG VJCV OQTG TCFKCVKQP KU OGCUWTGF KP 	VJG
0GVJGTNCPFU	 VJG ITQWRU OC[ VJGP CNUQ CRRTGEKCVG YJ[ VJQUG CVVGORVU YGTG FQQOGF VQ HCKN
(QT YJCV VJG[ HCKNGF VQ FQ KP VJQUG CVVGORVU YCU VTCPURQTV VJG TCFKQCEVKXG OCVGTKCN KVUGNH
VQYCTFU 	VJG 0GVJGTNCPFU	 KP QPG YC[ QT CPQVJGT +H CNN VJKU JCRRGPU VJG RWRKNU ECP DG UCKF
VQ JCXG UQNXGF VJGKT RTQDNGO +ORNKEKVN[ VJG[YKNNOQTGQXGT CNUQ JCXG WUGF VJG IGPGTCNK\CVKQP
VJCV CP QDLGEV DGEQOGU TCFKQCEVKXG D[ RWVVKPI TCFKQCEVKXG OCVGTKCN KP QT QP KV
+P VJG UWDUGSWGPV ENCUU FKUEWUUKQP QH VCUM  VJG VGCEJGT	U RCTVKEKRCVKQP YKNN JCXG VQ DG
FKTGEVGF CV DTKPIKPI HQTYCTF VJG OCKP RQKPVU EJGEM YJGVJGT VJG RWRKNU HKPF VJG[ JCXG UQNXGF
VJGKT RTQDNGO 
CPF EQORNKOGPV VJGO HQT VJCV KH VJG[ FQOCMG VJG RWRKNU GZRNKEKVN[ HQTOWNCVG
VJGKT IGPGTCN EQPENWUKQPU 
COQPI YJKEJ VJG CDQXG OGPVKQPGF IGPGTCNK\CVKQP CU YGNN CU
PGYN[ TKUGP SWGUVKQPU OCMG VJGO PQVG FQYP VJGUG OCKP RQKPVU KP VJG UWOOCT[ 1PEG KV
UGGOU ENGCT GPQWIJ VJCV VJG RWRKNU CNTGCF[ WUG VJG EQPEGRV 	EQPVCOKPCVGF	 KP VJG UGPUG VJCV
VJG[ UGG VJG RQKPV QH RC[KPI URGEKCN CVVGPVKQP VQ QDLGEVU VJCV JCXG EQOG VQ EQPVCKP TCFKQCEVKXG
OCVGTKCN 
EH UGEVKQP  VJG VGCEJGT KPVTQFWEGU VJG YQTF 	EQPVCOKPCVGF	 HTQO PQY QP
YG ECNN CP QDLGEV EQPVCOKPCVGF KH KV JCU TCFKQCEVKXG OCVGTKCN QP QT KP KV 6JG VGCEJGT OC[ CV
VJG GPF QH VJG FKUEWUUKQP CNUQ CUM VJG RWRKNU VQ JCXG C UGEQPF NQQM CV VCUMU  CPF  JQY KV
JCU EQOG CDQWV VJCV CHVGT VJG CEEKFGPV OQTG TCFKCVKQP VJCP PQTOCN YCU OGCUWTGF KP VJG
0GVJGTNCPFU QT JQY VJG[ EQWNF JCXG DTQWIJV KV CDQWV VJCV KP 	VJG 0GVJGTNCPFU	 OQTG TCFK
CVKQP VJCP PQTOCN KU OGCUWTGF JQY HTGUJ XGIGVCDNGU JCF DGEQOG TCFKQCEVKXG CHVGT VJG
CEEKFGPV CPF YJ[ KV YCU VJGP CFXKUGF CICKPUV GCVKPI HTGUJ XGIGVCDNGU QT JQY VJG[ EQWNF JCXG
DTQWIJV KV CDQWV VJCV VJG CRRNG KU TCFKQCEVKXG 6JG VGCEJGT OC[ CNUQ JQNNQY QWV CP CRRNG RWV
QPG QH VJG TCFKQCEVKXG UVQPGU KPUKFG CPF ENQUG VJG CRRNG CICKP VJGP QWVUKFG VJG CRRNG C )GKIGT
EQWPVGT YKNN VKEM 5QOG RWRKNU OC[ RTQVGUV VJCV VJWU KV KU PQV TGCNN[ VJG CRRNG VJCV KU
TCFKQCEVKXG (QT VJG EQWPVGT UKORN[ OGCUWTGU VJG TCFKCVKQP GOKVVGF D[ VJG TCFKQCEVKXG UVQPG
VJCV JCU DGGP RWV KPUKFG VJG CRRNG 6JG VGCEJGT OC[ VJGP PQVG VJCV KV KU LWUV C OCVVGT QH
UVKEMKPI VQ GCTNKGT CITGGOGPVU VQ ECNN VJG CRRNG YKVJ VJG UVQPG KPUKFG TCFKQCEVKXG 
UKPEG C
)GKIGT EQWPVGT VKEMU PGCT KV DWV CV VJG UCOG VKOG EQPEGFG VJCV D[ VJKU OQXG VJG UQWTEG QH
VJG RTQVGUV FQGU PQV TGCNN[ UGGO VQ JCXG DGGP VQWEJGF (QT CNVJQWIJ CEEQTFKPI VQ VJG GCTNKGT
CITGGOGPVU VJG CRRNG YKVJ UVQPG KU TKIJVN[ ECNNGF TCFKQCEVKXG KV UGGOU ENGCT VJCV KV KU QPN[
VJG UVQPG VJCV KU YJCV OKIJV DG ECNNGF IGPWKPGN[ TCFKQCEVKXG 1T RGTJCRU VJG UVQPG KVUGNH VQQ
KU PQV IGPWKPGN[ TCFKQCEVKXG DWV TCVJGT EQPVCOKPCVGF 5KPEG KV UGGOU KPVWKVKXGN[ ENGCT VJCV
VJGTG ECPPQV DG CP KPHKPKVG TGITGUU JGTG VJG SWGUVKQP UGGOU VQ DG JQY KV KU VJCV UQOG OCVGTKCN
KU IGPWKPGN[ TCFKQCEVKXG KG TCFKQCEVKXG YKVJQWV DGKPI EQPVCOKPCVGF! 6JKU YQWNF DG C
SWGUVKQP VQ UVQTG KP VJG UWOOCT[ WPFGT VJG JGCFKPI 	3WGUVKQPU YG UVKNN JCXG VQ HKPF CP
CPUYGT VQ	
'ZRNKEKV HQTOWNCVKQP QH IGPGTCNK\CVKQPU
# 2TQDNGO2QUKPI #RRTQCEJ
 1H EQWTUG CNN VJCV HQNNQYU HTQO PQY QP CPF PQV LWUV EJCRVGT  ECP DG UGGP CU C EQPVTKDWVKQP VQ RWRKNU	 IGVVKPI
DGVVGT CV JQOG KP CPF CFFKPI VQ VJG U[UVGO QH IGPGTCNK\CVKQPU $[ TGNCVKPI VJG CKO GZENWUKXGN[ VQ EJCRVGT  
CPF
VQ UQOG GZVGPV VQ EJCRVGT  JQYGXGT + OGCP VQ GZRNKEKVN[ CEMPQYNGFIG VJCV VJG RWRKNU FQ KPFGGF PGGF UQOG
VKOG VQ IGV CV JQOG KP KV +P NCVGT EJCRVGTU KV YKNN DG CUUWOGF VJCV VJG[ YKNN OQTG QT NGUU UGNHGXKFGPVN[ OCMG
WUG QH KV

6JG UWOOCT[ QH EJCRVGT  EQPVCKPU CRCTV HTQO VJG WUWCN 	+ORQTVCPV VQ TGOGODGT	 CPF
	3WGUVKQPU YG UVKNN JCXG VQ HKPF CP CPUYGT VQ	 VYQ QVJGT RCTVU 	+ORQTVCPV UVCVGOGPVU VQ
TGOGODGT	 CPF 	# UVQT[ EQPVCKPKPI VJG KORQTVCPV VGTOU	 +P DQVJ RCTVU VJG RWRKNU CTG
RTGUGPVGF YKVJ HKXG KORQTVCPV VGTOU VJG[ JCXG IQV CESWCKPVGF YKVJ TCFKCVKQP KTTCFKCVGF
TCFKQCEVKXG OCVGTKCN EQPVCOKPCVGF CPF KTTCFKCVGF +P VJG HKTUV RCTV VJG RWRKNU CTG CUMGF VQ
HQTO VTWG UVCVGOGPVU KP YJKEJ GCEJ VKOG VYQ QH VJGUG VGTOU QEEWT CU CP GZCORNG VJG[ CTG
HKTUV IKXGP C UVCVGOGPV KPYJKEJ VJG VGTOU 	TCFKQCEVKXGOCVGTKCN	 CPF 	TCFKCVKQP	 QEEWT 
4CFKQ
CEVKXG OCVGTKCN GOKVU TCFKCVKQP VJGP VJG[ CTG CUMGF VQ OCMG VTWG UVCVGOGPVU EQPVCKP
KPI 	KTTCFKCVGF	 CPF 	TCFKCVKQP	 	TCFKQCEVKXG OCVGTKCN	 CPF 	EQPVCOKPCVGF	 	EQPVCOKPCVGF	
CPF 	TCFKCVKQP	 	KTTCFKCVGF	 CPF 	TCFKQCEVKXG	 	EQPVCOKPCVGF	 CPF 	TCFKQCEVKXG	 HKPCNN[ VJG[
CTG CUMGF VQ OCMG VTWG UVCVGOGPVU YKVJ QVJGT RCKTU QWV QH VJG HKXG OGPVKQPGF VGTOU +P VJG
UGEQPF RCTV VJG[ CTG CUMGF VQ VJKPM QH C UKVWCVKQP KP YJKEJ CNN HKXG VGTOU JCXG CRRNKECVKQP
CPF VQ YTKVG C UJQTV RKGEG 
KH PGGFGF YKVJ KNNWUVTCVKQPU QT C EQOKE CDQWV VJCV UKVWCVKQP 6JG
QPN[ EQPFKVKQP KU VJCV CNN HKXG VGTOU FQ QEEWT KP VJGKT UVQT[
+V KU GZRGEVGF VJCV VJG HKTUV RCTV YKNN EJCNNGPIG VJG RWRKNU VQ GZRNKEKVN[ UVCVG IGPGTCN
UVCVGOGPVU CPF VJCV VJG[ YKNN DG CDNG VQ FQ UQ CKFGF D[ YJCV VJG[ JCXG NGCTPGF DGHQTG 6JG
VGCEJGT OC[ CNUQ KPXQNXG VJG RWRKNU KP UGXGTCN YC[U KP LWFIKPI UWEJ UVCVGOGPVU HKTUV QH CNN
D[ NGVVKPI VJGO VJKPM QH UWEJ UVCVGOGPVU VJGOUGNXGU CPF VJGP CNUQ D[ NGVVKPI VJGO TGCF VJG
UVCVGOGPVU VJCV UQOG QVJGT RWRKNU JCXG VJQWIJV QH 1P VJG UVCVGOGPVU VJCV CTG LWFIGF CU
WPENGCT QT HCNUG VJGTG ECP VJGP DG C HWTVJGT FKUEWUUKQP KP YJKEJ VJG VGCEJGT	U RTKPEKRCN TQNG
KU VQ RTGXGPV VCNM CV ETQUU RWTRQUGU D[ NGVVKPI VJGO OCMG FKUEKRNKPGF WUG QH VJG CITGGOGPVU
OCFG GCTNKGT QT D[ NGVVKPI VJGO VJKPM QH CPF KH UVKNN PGGFGF ECTT[ QWV GZRGTKOGPVU VQ UGVVNG
FKUCITGGOGPVU GVE 6JG UQTV QH UKVWCVKQPU VJCV VJG RWRKNU YKNN VJKPM QH KP VJG UGEQPF RCTV CTG
GZRGEVGF VQ DG ENQUGN[ TGNCVGF VQ QPG QH VJG UKVWCVKQPU VJG[ JCXG OGV DGHQTG 6JG EJCNNGPIG
HQT VJGO YKNN VJGP EQPUKUV KP VT[KPI VQ CRRN[ CNN QH VJG VGTOU KP UWEJ C UKVWCVKQP KP C EQTTGEV
YC[ CPF KV KU GZRGEVGF VJCV VJG[ YKNN DG CDNG VQ FQ UQ (TQO VJG UVQTKGU VJGOUGNXGU VJG
VGCEJGT ECP KPHGT C INQDCN KFGC QH VJG YC[ KP YJKEJ VJG RWRKNU WPFGTUVCPF VJG UKVWCVKQPU VJG[
JCXG YTKVVGP CDQWV CPF QH VJG YC[ KP YJKEJ VJG[ JCXG CRRNKGF VJG TGNGXCPV VGTOU .CEMU QH
ENCTKV[ CPF RWVCVKXG GTTQTU ECP CICKP DG FKUEWUUGF
 )GVVKPI CV JQOG KP VJG GUVCDNKUJGF U[UVGO QH IGPGTCNK\CVKQPU
6JG CKO KG VJG EWTTKEWNWO FGXKUGT	U CPF VGCEJGT	U CKO QH EJCRVGT  QH VJG VGZVDQQM KU VQ
OCMG VJG RWRKNU HGGN DGVVGT CV JQOG KP CPF CFF VQ VJG UQTVU QH IGPGTCNK\CVKQPU VJG[ JCXG M
CTTKXGF CV CPF GZRNKEKVN[ HQTOWNCVGF +P QTFGT VQ CEJKGXG VJKU CKO VJG RWRKNU CTG VQ IKXG
GZRNCPCVKQPU QT VQ OCMG RTGFKEVKQPU EQPEGTPKPI UQOG PGY UKVWCVKQPU +P QTFGT VQ EJCNNGPIG
VJGO VQ CRRN[ VJG TGNGXCPV IGPGTCNK\CVKQPU VJG FGUETKRVKQPU QH VJG UKVWCVKQPU CPF VJG HQTOWNC
VKQPU QH VJG SWGUVKQPU KP VJG GCTNKGT VCUMU QH EJCRVGT  CTG RWV KP VJG TGNGXCPV VGTOU

	EQPVCOKPCVGF	 	KTTCFKCVGF	 GVE EH UGEVKQP  +P VJG NCVGT VCUMU VJG UKVWCVKQPU CPF
SWGUVKQPU CTG OQTG NQQUGN[ HTCOGF UQ VJCV VJG RWRKNU YKNN VJGP HKTUV JCXG VQ TGHTCOG VJGO
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

KP VJG TGNGXCPV VGTOU DGHQTG VJG TGNGXCPV IGPGTCNK\CVKQPU ECP DG WUGF VQ IKXG CP GZRNCPCVKQP
QT OCMG C RTGFKEVKQP 
EH UGEVKQP 
(QT VJG RWRKNU VJGOUGNXGU VJG CKO QH EJCRVGT  KU UWRRQUGF VQ FGTKXG HTQO KVU VKVNG *QY VQ
RTQVGEV QPGUGNH! 6JG VGCEJGT KPVTQFWEGU VJG EJCRVGT D[ PQVKPI VJCV TCFKCVKQP ECP FQ FCOCIG
CU VJG RWRKNU RTQDCDN[ CNTGCF[ MPQY CPF OQTGQXGT JCXG CNUQ EQPENWFGF KP EJCRVGT  VJCV
KV KU VJGTGHQTG DGUV VQ TGEGKXG CU NGUU CU RQUUKDNG TCFKCVKQP WPNGUU QH EQWTUG VJGTG KU GI C
OGFKECN PGEGUUKV[ VJCV KV KU VJG VQRKE QH VJKU EJCRVGT VQ FKUEWUU YC[U VQ RTGXGPV VJCV UQOGQPG
TGEGKXGU 
VQQ OWEJ TCFKCVKQP +V KU VJGP CNUQ PCVWTCN VQ OCMG C NKPM YKVJ VJG VQRKE QH EJCRVGT
 VJG RQUUKDNG GHHGEVU KP ECUG UQOGQPG PGXGTVJGNGUU JCU TGEGKXGF 
VQQ OWEJ TCFKCVKQP +V
KU GZRGEVGF VJCV VJKU KPVTQFWEVKQP UGVU VJG OCKP VJGOGU QH VJG PGZV VYQ EJCRVGTU UWHHKEKGPVN[
ENGCT HQT VJG RWRKNU VJCV VJGKT GZKUVKPI KPVGTGUV KP VJGUG VJGOGU YKNN OQTGQXGT IKXG VJGO C
UGPUG QH RWTRQUG CPF OQVKXCVKQP HQT HWTVJGT FKUEWUUKPI VJGUG VJGOGU CPF VJCV VJG[ CNTGCF[
MPQY SWKVG C NQV CDQWV UCHGV[ OGCUWTGU CPF GHHGEVU VJCV ECP DG HWTVJGT DWKNV QP +V KU CNUQ
GZRGEVGF VJCV KP VJG EQWTUG QH YQTMKPI QP EJCRVGTU  CPF  VJG RWRKNU VJGOUGNXGU VQQ YKNN
PQVKEG VJCV VJG[ IGV DGVVGT CV JQOG KP VJG WUG QH VJG TGNGXCPV EQPEGRVU CPF IGPGTCNK\CVKQPU
GI D[ DGVVGT CRRTGEKCVKPI VJGKT TGNGXCPEG 6JG FKUVKPEVKQP DGVYGGP EQPVCOKPCVKQP CPF
KTTCFKCVKQP HQT KPUVCPEG PQV QPN[ KU TGNGXCPV DGECWUG CU VJG[ JCXG CRRTGEKCVGF KP UGEVKQP
 KP UWEJ VGTOU CPF YKVJ VJG WUG QH CRRTQRTKCVG IGPGTCNK\CVKQPU KV ECP DG GZRNCKPGF YJ[
KP UQOG UKVWCVKQP CP QDLGEV JCF QT JCF PQV DGEQOG TCFKQCEVKXG DWV CNUQ DGECWUG CU VJG[ YKNN
EQOG VQ CRRTGEKCVG KP EJCRVGT  VJG RTGXGPVKQP QH IGVVKPI EQPVCOKPCVGF FGOCPFU QVJGT
OGCUWTGU VJCP VJG RTGXGPVKQP QH IGVVKPI KTTCFKCVGF $GNQY + QWVNKPG CPF EQOOGPV QP VJG VCUMU
QH EJCRVGTU  CPF 
5GEVKQP  
/GCUWTGU CICKPUV TGEGKXKPI TCFKCVKQP EQPUKUVU QH VCUMU  VQ  DGNQY 6CUMU 
  CPF  JCXG C TCVJGT WPKHQTO HQTO KP QTFGT VQ HQEWU RWRKNU	 CVVGPVKQP CU YGNN CU RQUUKDNG
QP VJG TGNGXCPV EQPEGRVU 	KTTCFKCVGF	 CPF 	EQPVCOKPCVGF	
 2TGXGPVKQP QH EQPVCOKPCVKQP
6JKPM QH UQOG OGCUWTGU VQ RTGXGPV VJCV UQOGQPG IGVU EQPVCOKPCVGF 0QVG VJQUG
OGCUWTGU FQYP KP VJG DGNQY VCDNG #NUQ YTKVG FQYP YJ[ VJG[ CTG C IQQF OGCUWTGU
=(TCOG QH C VCDNG YKVJ VYQ EQNWOPU JGCFGF 	/GCUWTG	 CPF 	9KVJ VJKU OGCUWTG
EQPVCOKPCVKQP KU RTGXGPVGF DGECWUG	?
6CUM  KU VJG UCOG CU VCUM  YKVJ 	EQPVCOKPCVG	 TGRNCEGF D[ 	KTTCFKCVG	 6CUM  KU PQV
HQTOWNCVGF KP VGTOU QH 	EQPVCOKPCVG	 CPF KTTCFKCVG	 +PUVGCF KV EQPVCKPU UQOG PGYURCRGT
JGCFKPIU KP YJKEJ KV KU UCKF VJCV CHVGT VJG CEEKFGPV UCPF NGCF CPF EQPETGVG YGTG RQWTGF QP
VJG GZRNQFGF RQYGT UVCVKQP KP %JGTPQD[N CPF VJG SWGUVKQP KU YJ[ VJKU YCU FQPG +V KU
GZRGEVGF VJCV CHVGT VCUMU  CPF  VJG[ YKNN VJKPM CDQWV VJGUG OGCUWTGU KP VGTOU QH RTGXGPVKQP
QH EQPVCOKPCVKQP CPF RTGXGPVKQP QH KTTCFKCVKQP
 /GCUWTGU CHVGT UQOGQPG KU EQPVCOKPCVGF
C 5QOGQPG JCU IQV EQPVCOKPCVGF CPF KU JQURKVCNK\GF &QGU QPG TGEGKXG TCFKCVKQP YJGP
UKVVKPI PGZV VQ VJCV RGTUQP!
;GU  PQ DGECWUG
#PUYGT RCTV D QPN[ YJGP [QWT CPUYGT VQ RCTV C KU [GU
# 2TQDNGO2QUKPI #RRTQCEJ

D ;QW VJKPM QPG TGEGKXGU TCFKCVKQP HTQO C EQPVCOKPCVGF RGTUQP $WV VJGP VJCV RGTUQP JKO
QT JGTUGNH YKNN CNUQ TGEGKXG TCFKCVKQP HTQO JKO QT JGTUGNH
+U VJGTG UVKNN UQOGVJKPI VJCV ECP DG FQPG CDQWV VJCV! 6JCV KU CTG VJGTG UVKNN OGCUWTGU VJCV
VCMG ECTG VJCV VJG RGTUQP JKO QT JGTUGNH TGEGKXGU NGUU TCFKCVKQP!
0QVG FQYP KP VJG DGNQY VCDNG UWEJ OGCUWTGU #NUQ YTKVG FQYP YJ[ CEEQTFKPI VQ [QW
VJQUG OGCUWTGU CTG JGNRHWN
=(TCOG QH C VCDNG YKVJ VYQ EQNWOPU JGCFGF 	/GCUWTG	 CPF 	$[ VJKU OGCUWTG
C EQPVCOKPCVGF RGTUQP JKO QT JGTUGNH TGEGKXGU NGUU TCFKCVKQP DGECWUG	?
6CUM  KU VJG UCOG CU VCUM  YKVJ 	EQPVCOKPCVG	 TGRNCEGF D[ 	KTTCFKCVG	
5GEVKQP  
2TQVGEVKQP YKVJ NGCF EQPUKUVU QH VCUMU  CPF  DGNQY +P VJG VCUMU UQOG
UKVWCVKQPU CTG FGUETKDGF CPF VJG RTQDNGO KU YJGVJGT KP VJQUG UKVWCVKQPU VJG RWRKNU YQWNF CRRN[
VJG UCHGV[ OGCUWTG VJCV KU DGUV MPQYP VQ VJGO RTQVGEVKQP YKVJ NGCF 6JG UKVWCVKQPU CPF
RTQDNGOU VJGOUGNXGU CTG DCUGF QP 	TGCN NKHG	 UKVWCVKQPU CPF RTQDNGOU CU UQOG TCFKCVKQP
GZRGTVU JCXG GPEQWPVGTGF VJGO 
EH 'KLMGNJQH  R UGG CNUQ UGEVKQP  6JG VCUMU
CTG PQV HQTOWNCVGF KP VGTOU QH 	EQPVCOKPCVG	 CPF KTTCFKCVG	 +V KU WR VQ VJG RWRKNU VQ CPCN[\G
VJG UKVWCVKQPU KP VJGUG VGTOU CPF VQ DCUG VJGKT LWFIGOGPV CU VQ YJGVJGT QT PQV RTQVGEVKQP YKVJ
NGCF KU PGEGUUCT[ QP VJCV CPCN[UKU +V KU GZRGEVGF VJCV CHVGT VJG RTGXKQWU VCUMU VJG[ YKNN DG CDNG
VQ FQ UQ
 .GCF CRTQPU HQT VJG ENGCPKPI RGTUQPPGN QH CP :TC[ FGRCTVOGPV QT PQV!
#NOQUV GXGT[ JQURKVCN PQYCFC[U JCU CP :TC[ FGRCTVOGPV +P UWEJ C FGRCTVOGPV VJGTG
CTG :TC[ OCEJKPGU YKVJ YJKEJ :TC[U CTG VCMGP
=2JQVQITCRJ QH C PWTUG YJQ VCMGU CP :TC[ QH C EJKNF CPF QP YJKEJ VJG :TC[
OCEJKPG KU CNUQ UGGP 2KEVWTG QH CP :TC[?
1H EQWTUG CP :TC[ FGRCTVOGPV TGIWNCTN[ JCU VQ DG ENGCPGF 6JCV JCRRGPU KP VJG GXGPKPI
YJGP PQ :TC[U CTG VCMGP
+P QPG JQURKVCN VJG ENGCPGTU QPEG FGOCPFGF NGCF CRTQPU 6JG[ YCPVGF VQ YGCT NGCF
CRTQPU YJGP ENGCPKPI VJG :TC[ FGRCTVOGPV ,WUV NKMG VJG PWTUGU VJCV YQTM VJGTG FWTKPI
VJG FC[ 6JG OCPCIGOGPV QH VJG JQURKVCN VQNF VJG ENGCPGTU VJCV VJG[ FQ PQV PGGF NGCF
CRTQPU
9QWNF [QW IKXG NGCF CRTQPU VQ VJG ENGCPGTU!
;GU  PQ DGECWUG
 :TC[KPI CPKOCNU
#PKOCNU VQQ CTG UQOGVKOGU :TC[GF 9JGP VJG[ JCXG DTQMGP C DQPG HQT GZCORNG 6JG
RKEVWTGU CTG VCMGP D[ :TC[ CUUKUVCPVU 1H EQWTUG CPKOCNU FQ PQV UKORN[ NKG UVKNN 6JG :
TC[ CUUKUVCPVU JCXG VQ JQNF VJGO YJGP VCMKPI CP :TC[
#HVGT VJG :TC[ JCU DGGP VCMGP VJG CPKOCNU CTG VCMGP DCEM VQ VJGKT RGPU 6JGTG VJG[ CTG
NQQMGF CHVGT CPF HGF D[ CPKOCN ECTGVCMGTU
9JQO YQWNF [QW IKXG NGCF INQXGU!
C 6JG :TC[ CUUKUVCPVU VJCV VCMG VJG :TC[
D 6JG CPKOCN ECTGVCMGTU VJCV CHVGTYCTFU NQQM CHVGT CPF HGGF VJG CPKOCNU
E $QVJ
F 0GKVJGT
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

1WT CPUYGT KU  DGECWUG
+P UGEVKQP  
'HHGEVU QH TCFKCVKQP VJG RWRKNU ECP DTKPI HQTYCTF YJCV VJG[ CNTGCF[ MPQY
CDQWV VJG GHHGEVU QH TGEGKXKPI TCFKCVKQP 6JG[ CTG CUMGF VQ VJKPM QH UKVWCVKQPU KP YJKEJ
UQOGVJKPI QT UQOGQPG JCU TGEGKXGF TCFKCVKQP CPF QH UQOG PGICVKXG CPF RQUKVKXG GHHGEVU QH
TGEGKXKPI TCFKCVKQP GI KP VJG UKVWCVKQPU VJG[ JCXG LWUV VJQWIJV QH HWTVJGTOQTG VJG[ CTG
CUMGF JQY RGQRNG JCXG HQWPF QWV CDQWV VJG GHHGEVU QH TGEGKXKPI TCFKCVKQP HKPCNN[ VJG[ CTG
CUMGF YJCV VJG UGTKQWUPGUU QH VJG GHHGEVU FGRGPFU QP
&GRGPFKPI QP YJCV VJG[ DTKPI HQTYCTF VJG VGCEJGT CFFU QPG VJKPI QT CPQVJGT VQ RTGRCTG
UQOG QH VJG HQNNQYKPI CEVKXKVKGU +H VJG RWRKNU VJGOUGNXGU JCXG PQV CNTGCF[ FQPG UQ VJG
VGCEJGT PQVGU VJCV KV KU UQOGJQY UVTCPIG VJCV QP VJG QPG JCPF TCFKCVKQP ECP KPFWEG ECPEGT
YJKNG QP VJG QVJGT KV KU WUGF VQ VTGCV ECPEGT +H VJG VGCEJGT JCU C RQTVCDNG :TC[ OCEJKPG CPF
C OCVEJKPI UETGGP VJCV NKIJVGPU YJGP GZRQUGF VQ : TC[U CV JKU QT JGT FKURQUCN JG QT UJG OC[
RC[ URGEKCN CVVGPVKQP VQ VJCV CU C RTGRCTCVKQP HQT C NCVGT VCUM 
UGG VCUM  DGNQY 6JG GHHGEV
QH VJG : TC[U QP VJG UETGGP KU VJG NKIJVGPKPI QH VJG NCVVGT $[ VWTPKPI QP CPF QHH VJG :TC[
OCEJKPG KV ECP DG PQVKEGF VJCV VJG UETGGP QPN[ NKIJVGPU YJGP CPF HQT CU NQPI CU VJG :TC[
OCEJKPG KU QP 5Q PQV QPN[ JCU VJG UETGGP PQV DGEQOG TCFKQCEVKXG DGECWUG QH VJG KTTCFKCVKQP

CU JCU CNTGCF[ DGGP GUVCDNKUJGF UQOG VKOG CIQ DWV OQTGQXGT VJG UETGGP KU LWUV GHHGEVGF
D[ VJG TCFKCVKQP CU NQPI CU KV KU DGKPI KTTCFKCVGF 2GTJCRU UQOG RWRKNU YKNN YQPFGT YJ[ VJKU
KU UQ YJCV VJGP JCRRGPU VQ VJG TCFKCVKQP! #ICKP VJKU YQWNF DG CP GZCORNG QH C RTQDNGO
VJCV KU YQTVJ DGKPI UVQTGF KP VJG UWOOCT[ WPFGT VJG JGCFKPI 	3WGUVKQPU YG UVKNN JCXG VQ HKPF
CP CPUYGT VQ	
5GEVKQP  
&COCIG VQ EGNNU DGIKPU YKVJ UQOG KPHQTOCVKQP VJCV KU OGCPV VQ TGHKPG VJG
IGPGTCN UVCVGOGPV VJCV JCU CNTGCF[ DGGP GUVCDNKUJGF DGHQTG PCOGN[ VJCV QTICPKUOU QT EGNNU
ECP DG MKNNGF D[ TCFKCVKQP 6JG HQNNQYKPI KU C RKGEG QH VJG KPHQTOCVKQP
: TC[U CPF TCFKQCEVKXG TCFKCVKQP ECP FCOCIG EGNNU 6JGTG CTG VJTGG MKPFU QH FCOCIG VQ EGNNU
 # EGNN KU LWUV NKIJVN[ FCOCIGF 6JG EGNN KU CDNG VQ HWNN[ TGEQXGT CHVGT C YJKNG
 # EGNN KU UQ OWEJ FCOCIGF VJCV KV KU PQ NQPIGT CDNG VQ ECTT[ QWV KVU URGEKHKE VCUM 1T VJCV
KVU FKXKUKQP IQGU QWV QH EQPVTQN
 # EGNN KU UQ DCFN[ FCOCIGF VJCV KV FKGU
6JG RQKPV QH VJKU KPHQTOCVKQP KU VQ RTQXKFG VJG RWRKNU YKVJ C ENWG VQ UQNXG VJG RTQDNGO VJCV
QP VJG QPG JCPF TCFKCVKQP ECP KPFWEG ECPEGT YJKNG QP VJG QVJGT KV KU WUGF VQ VTGCV ECPEGT +P
HCEV VJKU RTQDNGO KU VTGCVGF KP C VCUM KP YJKEJ VJG RWRKNU CTG CUMGF VQ UC[ D[ YJKEJ MKPF QH
FCOCIG VQ EGNNU ECPEGT KU KPFWEGF QP YJKEJ MKPF QH FCOCIG VQ EGNNU TCFKCVKQP VTGCVOGPV QH
ECPEGT FGRGPFU CPF YJ[ C ECPEGTQWU VWOQWT KU KTTCFKCVGF HTQO FKHHGTGPV CPINGU
6JG RQKPV QH VJG HKPCN VCUM QH EJCRVGT  KU VQ OCMG VJG RWRKNU UGG VJCV YJKNG EGNNU CTG QPN[
FCOCIGF YJGP CPF HQT CU NQPI CU VJG[ CTG DGKPI KTTCFKCVGF KV OC[ VCMG [GCTU DGHQTG VJG
EGNNU YJQUG FKXKUKQP CU C TGUWNV QH VJG KTTCFKCVKQP JCU IQPG QWV QH EQPVTQN JCXG FGXGNQRGF KPVQ
VWOQWTU VJCV IKXG VTQWDNG VQ VJG RGTUQP KPXQNXGF +V KU GZRGEVGF VJCV CU C TGUWNV QH YJCV VJG
RWRKNU JCXG NGCTPGF DGHQTG VJG UWIIGUVKQPU VJCV VJG TCFKCVKQP NKPIGTU QT UQOGJQY MGGRU QP
FQKPI FCOCIG YKNN DG DNQEMGF 
VJG RWRKNU OC[ JCXG VQ DG TGOKPFGF QH VJG UETGGP KP VJG :TC[
OCEJKPG JGTG
 1PN[ [GCTU NCVGT KV OC[ IKXG VTQWDNG
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9JGP UQOGQPG TGEGKXGU TCFKCVKQP VJCV OC[ NGCF VQ ECPEGT $WV KV KU QPN[ [GCTU NCVGT VJCV
VJG ECPEGT YKNN UJQY WR CPF IKXG VJCV RGTUQP VTQWDNG
6QO UC[U 6JCV KU DGECWUG KV KU QPN[ VJGP VJCV VJG TCFKCVKQP DGIKPU VQ FQ FCOCIG
C &Q [QW CITGG YKVJ 6QO!
;GU  PQ DGECWUG
#PUYGT RCTV D QPN[ YJGP [QWT CPUYGT VQ RCTV C KU PQ
D 9J[ FQ [QW VJKPM VJCV KV KU QPN[ [GCTU NCVGT VJCV VJG ECPEGT YKNN UJQY WR CPF IKXG VJG
RGTUQP VTQWDNG!
 'ZVGPUKQP QH VJG FGUETKRVKXG NGXGN KP SWCPVKVCVKXG FKTGEVKQP
6JG FGUETKRVKXG NGXGN VJCV JCU DGGP GUVCDNKUJGF KP VJG RTGEGFKPI ECP DG VJQWIJV QH CU C YC[
QH FGUETKDKPI CPF C U[UVGO QH IGPGTCNK\CVKQPU UWEJ VJCV KH CRRTQRTKCVGN[ FGUETKDGF VJG
QEEWTTGPEG QH C TCPIG QH GXGPVU ECP DG RTGFKEVGF CPF GZRNCKPGF D[ OGCPU QH VJG IGPGTCNK\
CVKQPU +V KU JQYGXGT QH C RWTGN[ SWCNKVCVKXG PCVWTG #P QDLGEV JCU VJG RTQRGTV[ 	KU TCFKQCE
VKXG	 HQT KPUVCPEG KH C )GKIGT EQWPVGT UVCTVU VKEMKPI CV C OQTG VJCP PQTOCN TCVG KP KVU XKEKPKV[
DWV VJG TCVG CV YJKEJ VJG EQWPVGT VKEMU KP KVU XKEKPKV[ JCU PQV [GV DGGP VCMGP KPVQ CEEQWPV 6JG
UCOG CRRNKGU VQ VJG QVJGT DCUKE RTQRGTVKGU CPF VJWU CNUQ VQ VJG IGPGTCNK\CVKQPU KP YJKEJ UWEJ
RTQRGTVKGU CTG KP QPG YC[ QT CPQVJGT EQPPGEVGF %QPUGSWGPVN[ VJG RTGFKEVKQPU CPF
GZRNCPCVKQPU VJCV ECP DG RTQFWEGF D[ OGCPU QH VJG IGPGTCNK\CVKQPU CTG CNUQ QH C SWCNKVCVKXG
PCVWTG GI YJGVJGT QT PQV CP QDLGEV YKNN DGEQOG TCFKQCEVKXG CU C TGUWNV QH C RCTVKEWNCT
CEVKQP
+V KU VJG CKO QH EJCRVGT  QH VJG VGZVDQQM 
5VKNN OQTG CRRNKECVKQPU VJCV D[ YQTMKPI KV
VJTQWIJ RWRKNU EQOG VQ GZVGPF VJG RTGXKQWUN[ GUVCDNKUJGF FGUETKRVKXG NGXGN KP C OQTG SWCPVK
VCVKXG FKTGEVKQP KP YJKEJ KP RCTVKEWNCT CURGEVU NKMG VJG RGPGVTCVKPI RQYGT QH TCFKCVKQP CPF
VJG UVTGPIVJ CPF JCNHNKHG QH TCFKQCEVKXG UWDUVCPEGUYKNN RNC[ C TQNG (QT VJG RWRKNU VJGOUGNXGU
VJG CKO QH EJCRVGT  KU CU KVU VKVNG UWIIGUVU VQ NGCTP OQTG CDQWV CRRNKECVKQPU QH TCFKCVKQP
+V KU GZRGEVGF VJCV YJCV OC[ DG ECNNGF C INQDCN KPVGTGUV KP CRRNKECVKQPU YKNN RTQXKFG VJGOYKVJ
C UWHHKEKGPV KPKVKCN UGPUG QH RWTRQUG CPF OQVKXCVKQP HQT HWTVJGT NGCTPKPI CDQWV CRRNKECVKQPU
QH TCFKCVKQP +V KU CNUQ GZRGEVGF VJCV KP VJG EQWTUG QH YQTMKPI QP EJCRVGT  VJG RWRKNU
VJGOUGNXGU VQQ YKNN PQVKEG VJG TGNGXCPEG QH GZVGPFKPI YJCV VJG[ CNTGCF[ MPQY KP C OQTG
SWCPVKVCVKXG FKTGEVKQP GI DGECWUG VJG[ NGCTP VJCV KV KU QPN[ D[ FQKPI UQ VJCV VJG[ CTG CDNG
VQ WPFGTUVCPF UQOG QH VJG CRRNKECVKQPU CV CNN 
QT CV CP[ TCVG VQ WPFGTUVCPF OQUV QH VJG
CRRNKECVKQPU DGVVGT (TQO VJG EWTTKEWNWO FGXKUGT	U CPF VGCEJGT	U RQKPV QH XKGY KV ECP VJWU
DG UCKF VJCV CRRNKECVKQPU QH TCFKCVKQP HQTO VJG EQPVGZV KP YJKEJ VJG RWRKNU CTG UWRRQUGF VQ
GZVGPF VJG SWCNKVCVKXG FGUETKRVKXG NGXGN VQYJCVOC[ DG ECNNGF C SWCPVKVCVKXG FGUETKRVKXG NGXGN
6JGTG KU PQV OWEJ PGY KP EJCRVGT  #URGEVU NKMG RGPGVTCVKPI RQYGT CPF JCNHNKHG CTG
VTGCVGF KP OQUV EQWTUGU QP TCFKQCEVKXKV[ /QTGQXGT VJG KFGC VQ VTGCV VJGUG CURGEVU KP VJG
EQPVGZV QH CRRNKECVKQPU KP RCTVKEWNCT KP VJG EQPVGZV QH EJQQUKPI CP CRRTQRTKCVG TCFKQCEVKXG
UWDUVCPEG HQT C IKXGP CRRNKECVKQP KU CNUQ PQV PGY + JCXG 	UVQNGP	 KV HTQO 5#6+5  7PKV
 
7UKPI TCFKQCEVKXKV[ 6JKU KU YJ[ DGNQY + LWUV DTKGHN[ UMGVEJ VJG OCKP UVGRU QH VJG
GZVGPUKQP KP SWCPVKVCVKXG FKTGEVKQP FYGNNKPI QPN[ WRQP VJG RQKPVU YJGTG + OC[ JCXG NCKF VJG
GORJCUKU UQOGYJCV FKHHGTGPVN[ VJCP KU WUWCNN[ FQPG
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

 +PFWEKPI C PGGF HQT UQOGVJKPI OQTG SWCPVKVCVKXG
6JG VGCEJGT DTKGHN[ KPVTQFWEGU EJCRVGT  D[ PQVKPI VJCV VJG RWRKNU CNTGCF[ MPQY SWKVG C NQV
CDQWV TCFKQCEVKXKV[ VJCV VJG[ CNTGCF[ JCXG IQV CESWCKPVGF YKVJ UQOG CRRNKECVKQPU QH
TCFKQCEVKXKV[ 
KP RCTVKEWNCT KP EJCRVGT  VJCV KP VJKU EJCRVGT VJG[ CTG IQKPI VQ UVWF[ OQTG
CRRNKECVKQPU CPF VJCV UQOG QH VJQUG CRRNKECVKQPU OC[ DG PGY VQ VJGO CU RGTJCRU VJG QPGU
KP UGEVKQP  CTG 6JG VGCEJGT UWDUGSWGPVN[ UGVU VJG ITQWRU VQ UVWF[ UGEVKQP  
5QOG PGY
CRRNKECVKQPU YJKEJ EQPVCKPU FGUETKRVKQPU QH VJTGG PGYCRRNKECVKQPU CPF UQOG SWGUVKQPU CDQWV
VJGO 6JG CRRNKECVKQPU CTG 
 KPXGUVKICVKQP QH C RCVKGPV QH YJQO KV KU UWURGEVGF VJCV C DNQQF
XGUUGN UWRRN[KPI VJG JGCTV OWUENG KU DNQEMGF C TCFKQCEVKXG UWDUVCPEG KU KPVTQFWEGF VQ VJG
RCVKGPV	U DNQQFUVTGCO C RJQVQITCRJKE HKNO KU JGNF PGCT VJG JGCTV TGIKQP CPF QP VJG TGUWNVKPI
	RJQVQITCRJ	 KV ECP DG UGGP YJGVJGT VJGTG KU C DNQEMCIG CPF YJGTG KV KU 
 VJG RTQFWEVKQP
QH UJGGVU QH OGVCN OGVCN KU USWGG\GF DGVYGGP TQNNGTU VJG DKIIGT VJG RTGUUWTG QH VJG TQNNGTU
VJG VJKPPGT VJG OGVCN KP QTFGT VQ MGGR VJG UJGGVU QH OGVCN QH VJG UCOG VJKEMPGUU CNN VJG VKOG
C TCFKQCEVKXG UQWTEG CPF )GKIGT EQWPVGT CTG WUGF VQ EQPVTQN VJG RTGUUWTG QH VJG TQNNGTU VJG
UQWTEG KU JGNF CV QPG UKFG QH VJG UJGGVU VJG )GKIGT EQWPVGT QP VJG QVJGT UKFG OGCUWTGU VJG
COQWPV QH TCFKCVKQP VJCV RCUUGU VJTQWIJ VJG UJGGV KH VJG UJGGV IGVU VJKEMGT VJG EQWPVGT YKNN
OGCUWTG NGUU TCFKCVKQP 
 KFGO HQT VJG RTQFWEVKQP QH UJGGVU QH RCRGT
6JG RQKPV QH UQOG QH VJG SWGUVKQPU QP VJG CRRNKECVKQPU KU VQ OCMG VJG RWRKNU YQPFGT VJKPIU
NKMG +V KU MKPF QH UVTCPIG VJCV TCFKQCEVKXG UWDUVCPEGU CTG WUGF JGTG HQT YJCV CDQWV! 6JG
RWRKNU YKNN GI PQVG VJCV VJG JGCTV RCVKGPV KU KP HCEV EQPVCOKPCVGF CPF GXGP VJQWIJ VJG[ YKNN
UGG VJG CFXCPVCIG VJCV VJG RCVKGPV PGGF PQV DG EWV QRGP KP VJKU YC[ VJG[ OC[ YQPFGT YJGVJGT
VJG RCVKGPV YKNN TGOCKP EQPVCOKPCVGF HQT VJG TGUV QH JKU QT JGT NKHG QT YJGVJGT VJG EQPVCOKPC
VKQP YKNN FGETGCUG #PF YJKNG KV KU GZRGEVGF VJCV VJG RWRKNU YKNN PQV HKPF VJG KFGC DGJKPF
EQPVTQNNKPI VJG VJKEMPGUU QH UJGGVU QH OGVCN XGT[ UVTCPIG KG VJG KFGC VJCV VJG GOKVVGF
TCFKCVKQP KU RCTVN[ UVQRRGF D[ OGVCN VJG[ OC[ YQPFGT YJ[ VJG UCOG RTQEGFWTG ECP CNUQ DG
CRRNKGF VQ EQPVTQN VJG VJKEMPGUU QH RCRGT TCFKQCEVKXG TCFKCVKQP KU XGT[ RGPGVTCVKPI KUP	V KV!
+P VJG FKUEWUUKQP QH VJG VCUMU VJG VGCEJGT VTKGU VQ CORNKH[ UWEJ UVCVGOGPVU QH YQPFGT KP QTFGT
VQ IKXG C RTGXKGY QH YJCV YKNN CNUQ DG VTGCVGF KP VJKU EJCRVGT VJG SWGUVKQP YJGVJGT UQOGVJKPI
TGOCKPU GSWCNN[ TCFKQCEVKXG QT EQPVCOKPCVGF CPF VJG SWGUVKQP JQY HCT TCFKQCEVKXG TCFKCVKQP
RGPGVTCVGU KPVQ UQOGVJKPI +V KU GZRGEVGF VJCV VJWU VJG RWRKNU YKNN DG UWHHKEKGPVN[ QRGP VQ CNUQ
HKPF CPUYGTU VQ UWEJ SWGUVKQPU CPF VJCV VJG[ RGTJCRU CNTGCF[ JCXG UQOG KFGCU CDQWV VJG
CPUYGTU
 'ZVGPUKQP VQYCTFU C SWCPVKVCVKXG FGUETKRVKXG NGXGN
2GPGVTCVKPI RQYGT QH TCFKCVKQP
+P UGEVKQP  
2GPGVTCVKPI RQYGT VJGTG HQNNQYU HKTUV UQOG KPHQTOCVKQP QP VJG SWGUVKQP JQY
HCT TCFKQCEVKXG TCFKCVKQP RGPGVTCVGU KPVQ UQOGVJKPI UQOG TCFKQCEVKXG UWDUVCPEGU GOKV
TCFKCVKQP VJCV JCU C TCVJGT NQYRGPGVTCVKPI RQYGT 
CPF KU ECNNGFTCFKCVKQP QVJGT TCFKQCEVKXG
UWDUVCPEGU GOKV TCFKCVKQP YKVJ C OGFKWO RGPGVTCVKPI RQYGT 
ECNNGF TCFKCVKQP [GV QVJGTU
TCFKCVKQP YKVJ C TCVJGT JKIJ RGPGVTCVKPI RQYGT 
ECNNGF TCFKCVKQP VJG RGPGVTCVKPI RQYGT
QH VJG : TC[U VJCV CP :TC[ OCEJKPG GOKVU KU UKVWCVGF DGVYGGP VJCV QH TCFKCVKQP CPF 
TCFKCVKQP KV KU KPFKECVGF JQY HCT TCFKCVKQP TCFKCVKQP TCFKCVKQP CPF : TC[U RGPGVTCVG
KPVQ UQOGOCVGTKCNU 
HNGUJ DQPGU CKTOGVCNU GVE 0QVG VJCV VJG VGTOU CPFTCFKCVKQP
CTG VJWU KPVTQFWEGF CU PQVJKPIOQTG VJCP UJQTVJCPF HQT TCFKCVKQP YKVJ NQY OGFKWO CPF JKIJ
# 2TQDNGO2QUKPI #RRTQCEJ
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RGPGVTCVKPI RQYGT TGURGEVKXGN[ 0Q OGPVKQP KU OCFG QH VJGKT PCVWTG QT QH VJG HCEV VJCV 
 CPF TCFKCVKQP CTG FKHHGTGPV V[RGU QH TCFKCVKQP +P HCEV VJG[ CTG VQIGVJGT YKVJ : TC[U
VTGCVGF CU DGKPI QH VJG UCOG MKPF KP VJG UGPUG VJCV VJG[ CNN OCMG C )GKIGT EQWPVGT VKEM 1H
EQWTUG VJG RWRKNU OC[ CUM UWEJ VJKPIU CU YJ[ KV KU VJCV UQOG TCFKQCEVKXG UWDUVCPEGU GOKV
TCFKCVKQPYKVJ C JKIJGT RGPGVTCVKPI RQYGT VJCP VJG TCFKCVKQP VJCV QVJGT TCFKQCEVKXG UWDUVCPEGU
GOKV QT YJ[ KV KU VJCV VJG TCFKCVKQP VJCV UQOG TCFKQCEVKXG UWDUVCPEG GOKVU RGPGVTCVGU HWTVJGT
KPVQ UQOG OCVGTKCNU VJCP KPVQ QVJGTU 5WEJ SWGUVKQPU ECP CICKP DG UVQTGF KP VJG UWOOCT[
WPFGT VJG JGCFKPI 	3WGUVKQPU YG UVKNN JCXG VQ HKPF CP CPUYGT VQ	
+P UGEVKQP  VJGTG CTG CNUQ UQOG VCUMU VQ IQ YKVJ VJG RTGUGPVGF KPHQTOCVKQP #P :TC[
QH C JCPF KU UJQYP CPF VJG RWRKNU CTG CUMGF VQ FTCY YJCV VJG RJQVQITCRJ YQWNF JCXG NQQMGF
NKMG KH KPUVGCF QH : TC[U TCFKCVKQP YCU WUGF QT TCFKCVKQP QT TCFKCVKQP (WTVJGTOQTG
VJG[ CTG CUMGF VQ UC[ QH UQOG QH VJG CRRNKECVKQPU VJG[ JCXG CNTGCF[ IQV CESWCKPVGF YKVJ

UVGTKNK\KPI U[TKPIGU KPXGUVKICVKPI YJGVJGT C DNQQF XGUUGN QH C JGCTV RCVKGPV KU DNQEMGF EQP
VTQNNKPI VJG VJKEMPGUU QH UJGGVU QH OGVCN CPF QH UJGGVU QH RCRGT YJGVJGT VJG[ YQWNF HQT VJCV
CRRNKECVKQP WUG C UWDUVCPEG VJCV GOKVU TCFKCVKQP TCFKCVKQP QT TCFKCVKQP
5VTGPIVJ QH TCFKQCEVKXG UQWTEGU
+P UGEVKQP  
6JG UVTGPIVJ QH TCFKQCEVKXG OCVGTKCNU C DGIKP KU OCFG YKVJ VCEMNKPI VJG
SWGUVKQP YJGVJGT UQOGVJKPI TGOCKPU GSWCNN[ TCFKQCEVKXG QT EQPVCOKPCVGF D[ HKTUV EQOKPI
VQ CITGG QP C OGCUWTG VQ GZRTGUU JQY TCFKQCEVKXG UQOGVJKPI KU 6JKU KU FQPG D[ RWVVKPI GI
VYQ TCFKQCEVKXG UVQPGU KP VJG ENCUUTQQO CPF CUMKPI VJG RWRKNU VQ HKPF QWV YJGVJGT VJG[ CTG
GSWCNN[ TCFKQCEVKXG CPF KH PQV YJKEJ QPG KU OQUV TCFKQCEVKXG +V KU GZRGEVGF VJCV VJG PQVKQP
	DGKPI OQTG TCFKQCEVKXG VJCP	 KU KPVWKVKXGN[ ENGCT VQ VJG RWRKNU 
KP HCEV VJCV VJG[ YKNN CNTGCF[
JCXG UCKF QH VJG :TC[ OCEJKPG VJCV KV KU UVTQPIGT VJCP GI VJG UVQPGU CPF VJCV VJG[ CTG CV
NGCUV CDNG VQ CWTCNN[ FGVGTOKPG YJKEJ QH VJG UVQPGU KU OQUV TCFKQCEVKXG 6JG[ CTG VJWU
GZRGEVGF VQ KPVWKVKXGN[ VCMG VJG VKEMKPI TCVG QH C EQWPVGT CU C OGCUWTG HQT JQY TCFKQCEVKXG
CP QDLGEV KU +V KU CNUQ GZRGEVGF VJCV RGTJCRU YKVJ C NKVVNG IWKFCPEG HTQO VJG VGCEJGT VJG
RWRKNU CTG CDNG VQ UGG UQOGVJKPI NKMG VJG PWODGT QH VKEMU RGT UGEQPF CU CP CRRTQRTKCVG WPKV
VQ GZRTGUU VJG UVTGPIVJ QH C TCFKQCEVKXG QDLGEV +H PGEGUUCT[ UQOGOQFKHKECVKQPU ECP DGOCFG
UWEJ CU VJCV VQ RTQRGTN[ OGCUWTG VJG VQVCN UVTGPIVJ QH CP QDLGEV QPG UJQWNF UQOGJQYOGCUWTG
CNN TQWPF KV 0GZV VJG RWRKNU FQ UQOG GZGTEKUGU QH VJG V[RG VJKU PWODGT QH VKEMU KU OGCUWTGF
KP VJCV RGTKQF QH VKOG YJCV KU VJG UVTGPIVJ!
5KPEG D[ PQY VYQ PQVKQPU QH 	UVTQPIPGUU	 CTG KPVTQFWEGF RGPGVTCVKPI RQYGT CPF UVTGPIVJ
VJGTG HQNNQYU VJG DGNQY VCUM VQ ENGCTN[ UGRCTCVG VJGO
 %QPVTQNNKPI VJG VJKEMPGUU QH UJGGVU QH NGCF
+P C HCEVQT[ QPG YCPVU VQ EQPVTQN VJG VJKEMPGUU QH VJG UJGGVU QH NGCF VJCV CTG RTQFWEGF
VJGTG 6JG HKTUV CVVGORV KU VQ JQNF C UQWTEG EQPVCKPKPI VJG TCFKQCEVKXG UWDUVCPEG
UVTQPVKWO CV QPG UKFG QH VJG UJGGVU +V VWTPU QWV JQYGXGT VJCV VJG )GKIGT EQWPVGT QP
VJG QVJGT UKFG VJGP OGCUWTGU PQ TCFKCVKQP CV CNN 5Q CPQVJGT UQWTEG YKNN JCXG VQ DG VTKGF
C 1PG YKNN JCXG VQ KPETGCUG VJG UVTGPIVJ QH VJG UQWTEG D[ RWVVKPI OQTG UVTQPVKWO KPUKFG
KV 6JKU KU EQTTGEV  KPEQTTGEV DGECWUG
D 1PG YKNN JCXG VQ RWV CPQVJGT UWDUVCPEG KP VJG UQWTEG 6JCV QVJGT UWDUVCPEG OWUV GOKV
TCFKCVKQP YKVJ C JKIJGT RGPGVTCVKPI RQYGT
6JKU KU EQTTGEV  KPEQTTGEV DGECWUG
+P VJG FKUEWUUKQP QH VJKU VCUM VJG VGCEJGT RQKPVU CV VJG KORQTVCPEG QH C RTGEKUG WUG QH VJG VGTOU
	RGPGVTCVKPI RQYGT	 CPF 	UVTGPIVJ	 +P HCEV UKPEG VJG NCVVGT KPFKECVGU C RTQRGTV[ QH VJG UQWTEG
CPF VJG HQTOGT QH VJG GOKVVGF TCFKCVKQP KV KU DGUV VQ CNYC[U URGCM OQTG HWNN[ QH VJG 	UVTGPIVJ
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

QH C TCFKQCEVKXG UQWTEG	 CPF VJG 	RGPGVTCVKPI RQYGT QH TCFKCVKQP	 +P VJG UGSWGN VJG VGCEJGT
YKNN JCXG VQ GPEQWTCIG UWEJ C FKUEKRNKPGF WUG QH VJGUG VGTOU D[ VJG RWRKNU
*CNHNKHG QH TCFKQCEVKXG UWDUVCPEGU
+P UGEVKQP  
&QGU VJG UVTGPIVJ QH TCFKQCEVKXG OCVGTKCN EJCPIG! VJG SWGUVKQP YJGVJGT
UQOGVJKPI TGOCKPU GSWCNN[ TCFKQCEVKXG QT EQPVCOKPCVGF KU CFFTGUUGF KP VGTOU QH VJG LWUV
CITGGF QP OGCUWTG VQ GZRTGUU JQY TCFKQCEVKXG UQOGVJKPI KU 6Q KPXGUVKICVG VJG SWGUVKQP
SWCPVKVCVKXGN[ VJG RWRKNU CTG PQV IKXGP VJG VCUM VQ VJGOUGNXGU RGTHQTO GZRGTKOGPVU DWV VQ
CPCN[\G GZRGTKOGPVU VJCV YGTG RGTHQTOGF D[ RWRKNU KP UQOG QVJGT ENCUU 6JG[ CTG RTGUGPVGF
YKVJ VJG TQWIJ FCVC QH VJQUG QVJGT RWRKNU VJG FCVG QH OGCUWTGOGPV VJG PWODGT QH VKEMU VJG
OGCUWTKPI VKOG 
GI /CTEJ   VKEMU  UGEQPFU 6JG RWRKNU CTG CUMGF VQ ECNEWNCVG
VJG UVTGPIVJ CV VJG XCTKQWU FCVGU CPF VQ RNQV VJG UVTGPIVJ CICKPUV VJG FCVG 6JGP VJG[ CTG IKXGP
C ITCRJ VJCV JCU TGUWNVGF HTQO UKOKNCT OGCUWTGOGPVU CV C UQWTEG EQPVCKPKPI VJG TCFKQCEVKXG
UWDUVCPEG PCVTKWO CPF YJKEJ NQQMU LWUV NKMG VJG QPG VJG[ VJGOUGNXGU JCXG LWUV RNQVVGF
GZEGRV VJCV VJG PWODGTU CNQPI VJG CZGU CTG UQOGYJCV FKHHGTGPV $[ C UGTKGU QH SWGUVKQPU 
VJG
UVTGPIVJ JCU FGETGCUGF VQ JCNH KVU KPKVKCN XCNWG CHVGT  JQWTU VJKU XCNWG KU CICKP JCNXGF CHVGT
 JQWTU GVE VJG RWRKNU CTG UWRRQUGF VQ PQVG VJCV CHVGT GXGT[ UWEJ CPF UWEJ RGTKQF QH VKOG
VJG UVTGPIVJ QH PCVTKWO KU QPEG OQTG JCNXGF 6JG PQVKQP 	JCNHNKHG QH C TCFKQCEVKXG
UWDUVCPEG	 KU KPVTQFWEGF D[ PQVKPI VJCV VJG 	UWEJ CPF UWEJ RGTKQF QH VKOG	 LWUV HQWPF KU ECNNGF
VJG JCNHNKHG QH PCVTKWO 6JG RWRKNU CTG UWDUGSWGPVN[ CUMGF VQ HKPF VJG JCNHNKHG QH VJG
UWDUVCPEG HQT YJKEJ VJG[ VJGOUGNXGU JCXG LWUV RNQVVGF C ITCRJ CPF QH UQOG QVJGT UWDUVCPEG
HQT YJKEJ C ITCRJ KU IKXGP
5GEVKQP  ENQUGU YKVJ UQOG UVTCKIJVHQTYCTF GZGTEKUGU EQPEGTPKPI JCNHNKHG (WTVJGTOQTG
VJG RWRKNU CTG CUMGF VQ UC[ YJGVJGT KP EQPVTQNNKPI VJG VJKEMPGUU QH UJGGVU QH RCRGT C
TCFKQCEVKXG UWDUVCPEG YKVJ C UJQTV QT YKVJ C NQPI JCNHNKHG JCU VQ DG WUGF
 #RRNKECVKQP QH VJG SWCPVKVCVKXG FGUETKRVKXG NGXGN
+P VJG RTGEGFKPI VJG RWRKNU CTG GZRGEVGF VQ JCXG GZVGPFGF VJG SWCNKVCVKXG FGUETKRVKXG NGXGN
D[ CP CFFKVKQP QH VJG PQVKQPU 	UVTGPIVJ QH C TCFKQCEVKXG UQWTEG	 CPF 	RGPGVTCVKPI RQYGT QH
TCFKCVKQP	 /QTGQXGT VJG PGGF HQT UQOG UWEJ GZVGPUKQP KPKVKCNN[ FGTKXGF HTQO CP KPFWEGF
FGOCPF VQ DGVVGT WPFGTUVCPF UQOG CRRNKECVKQPU CPF VJG CFFGF PQVKQPU CTG VQ UQOG GZVGPV
CNTGCF[ TGNCVGF DCEM VQ CRRNKECVKQPU D[ VJG RWRKNU 
YJGP VJG[ YGTG CUMGF VQ UC[ YJGVJGT GI
KP EQPVTQNNKPI VJG VJKEMPGUU QH UJGGVU QH RCRGT C TCFKQCEVKXG UWDUVCPEG VJCV GOKVU TCFKCVKQP
TCFKCVKQP QT TCFKCVKQP QT YKVJ C UJQTV QT NQPI JCNHNKHG JCU VQ DG WUGF +P VJG HKPCN
UGEVKQPU QH EJCRVGT  VJG GZVGPUKQP KU KP VYQ UVGRU OQTG GZRNKEKVN[ TGNCVGF VQ CRRNKECVKQPU
+P UGEVKQP  
)QV KV! VJG RWRKNU CTG CUMGF VQ IKXG VJG TGCUQPU YJ[ KP C IKXGP CRRNKECVKQP
C TCFKQCEVKXG UWDUVCPEG YKVJ C RCTVKEWNCT JCNHNKHG CPF GOKVVKPI TCFKCVKQP YKVJ C RCTVKEWNCT
RGPGVTCVKPI RQYGT KU WUGF +P UGEVKQP  
'ZGTEKUGU VJG RWRKNU VJGOUGNXGU CTG HQT C IKXGP
CRRNKECVKQP VQ EJQQUG CP CRRTQRTKCVG TCFKQCEVKXG UWDUVCPEG HTQO C NKUV
6JG CRRNKECVKQP VJCV KU RTGUGPVGF KP UGEVKQP  KU QH VJG UCOG MKPF CU VJG HKTUV CRRNKECVKQP
QH UGEVKQP  #ICKP CP QTICP VJCV KU UWURGEVGF VQ OCNHWPEVKQP 
KP VJKU ECUG C NKXGT KU
KPXGUVKICVGF PQV D[ EWVVKPI VJG DQF[ QRGP DWV D[ KPVTQFWEKPI C TCFKQCEVKXG UWDUVCPEG VQ VJG
DQF[ CPF D[ OQPKVQTKPI HTQO QWVUKFG YJGVJGT CPF YJGTG KV JCU IQPG KP VJG TGNGXCPV QTICP
6JG RWRKNU CTG CUMGF VQ GZRNCKPYJ[ KP VJKU KPXGUVKICVKQP C TCFKQCEVKXG UWDUVCPEG KU KPVTQFWEGF
YKVJ C TGNCVKXGN[ UJQTV KPUVGCF QH C TCVJGT NQPI JCNHNKHG CPF GOKVVKPI TCFKCVKQP KPUVGCF QH
 QT TCFKCVKQP 6JG CRRNKECVKQPU RTGUGPVGF KP UGEVKQP  CTG HKPFKPI C UWURGEVGF DNQEMCIG
# 2TQDNGO2QUKPI #RRTQCEJ

KP CP CKT RCUUCIG KP C NWPI EQPVTQNNKPI VJG VJKEMPGUU QH RQN[VJGPG UJGGVKPI UVGTKNK\KPI 2GVTK
FKUJGU FGVGEVKPI UOQMG EJGEMKPI YGNFU QH RKRGNKPGU HQT HCWNVU TGFWEKPI C VQQ NCTIG VJ[TQKF
INCPF (QT VJGUG CRRNKECVKQPU VJG RWRKNU CTG VQ EJQQUG CP CRRTQRTKCVG TCFKQCEVKXG UWDUVCPEG

CPF VQ CTIWG HQT VJCV EJQKEG HTQO C VCDNG QH  UWDUVCPEGU KP YJKEJ KV KU KPFKECVGF YJGVJGT
C UWDUVCPEG GOKVU TCFKCVKQP TCFKCVKQP QT TCFKCVKQP 
UKZ QH GCEJ CPF YJCV KVU JCNHNKHG
KU 
XCT[KPI HTQO TGNCVKXGN[ UJQTV VQ TCVJGT NQPI
 (TQO FGUETKRVKXG NGXGN VQ VJGQTGVKECN NGXGN
+V KU GZRGEVGF VJCV KP VJG RTGEGFKPI VJG RWRKNU JCXG CTTKXGF CV CPF EQOG VQ XCNWG C YC[ QH
FGUETKDKPI CPF C U[UVGO QH IGPGTCNK\CVKQPU KP VGTOU QH YJKEJ VJG[ ECP RTGFKEV CPF GZRNCKP
VJG QEEWTTGPEG QT PQPQEEWTTGPEG QH V[RGU QH GXGPV VJCV JCXG UQOG RTCEVKECN KPVGTGUV KP
UKVWCVKQPU VJCV JCXG UQOG RTCEVKECN KPVGTGUV CPF VQ CP GZVGPV VJCV KU SWKVG UWHHKEKGPV HQT
RTCEVKECN RWTRQUGU #P GXGPV QH KPVGTGUV KU GI TGEGKXKPI TCFKCVKQP 
DGECWUG QH KVU RQUUKDNG
GHHGEVU GURGEKCNN[ HQT RGQRNG UKVWCVKQPU QH KPVGTGUV CTG GI TGCN NKHG UKVWCVKQPU 
UWEJ CU VJG
%JGTPQD[N CEEKFGPV CPF KVU EQPUGSWGPEGU CPF TGCNNKHG CRRNKECVKQPU QH TCFKQCEVKXG UWDUVCPEGU
+V KU CNUQ GZRGEVGF JQYGXGT VJCV KP VJG EQWTUG QH CTTKXKPI CV VJG FGUETKRVKXG NGXGN VJG RWRKNU
JCXG RQUGF CPF UVQTGF KP VJG UWOOCTKGU UQOG SWGUVKQPU VJCV PQV UQ OWEJ ECUV FQWDV QP VJG
WUGHWNPGUU QH VJG FGUETKRVKXG NGXGN DWV TCVJGT FGOCPF C FGGRGT WPFGTUVCPFKPI CPF HWTVJGT
ENCTKHKECVKQP QH KV CPF OC[ VJWU DG WPFGTUVQQF CU TGHNGEVKPI UQOG MKPF QH VJGQTGVKECN PGGF
+P UGEVKQP  CPF VJG RTGEGFKPI UGEVKQPU QH VJKU EJCRVGT + JCXG CNTGCF[ IKXGP RQUUKDNG
GZCORNGU QH UWEJ SWGUVKQPU YJ[ KU KV VJCV VJG ICU OCPVNG KU TCFKQCEVKXG! YJ[ KU KV VJCV UQOG
OCVGTKCN KU IGPWKPGN[ TCFKQCEVKXG KG TCFKQCEVKXG YKVJQWV DGKPI EQPVCOKPCVGF! YJ[ FQ YG
PQV UGGO VQ DG CDNG VQ OCMG CP CRRNG TCFKQCEVKXG YJKNG CHVGT VJG %JGTPQD[N CEEKFGPV HTGUJ
XGIGVCDNGU JCF DGEQOG TCFKQCEVKXG! YJ[ KU KV VJCV CP QDLGEV FQGU PQV DGEQOG TCFKQCEVKXG
D[ KTTCFKCVKQP CPF KU QPN[ GHHGEVGF HQT CU NQPI CU KV KU DGKPI KTTCFKCVGF YJCV VJGP JCRRGPU
VQ VJG TCFKCVKQP! YJ[ KU KV VJCV TCFKCVKQP RGPGVTCVGU HWTVJGT KPVQ UQOG OCVGTKCNU VJCP KPVQ
QVJGTU! YJCV KU TCFKCVKQP CP[YC[!
6JG KFGC DGJKPF EJCRVGT  KU VQ OCMG VJG RWRKNU TGHNGEV QP YJCV JCU CNTGCF[ DGGP GUVCDNKUJGF
CPF GURGEKCNN[ QP YJCV JCU UVKNN DGGP NGHV QRGP 2WRKNU	 GPVTCPEG VQ EJCRVGT  KU VJWU YJCV
KVU VKVNG KU NQQMKPI DCEM CPF TQWPFKPI QHH # HWTVJGT CKO QH VJG EWTTKEWNWO FGXKUGT CPF VJG
VGCEJGT KU VJCV KP VJG 	NQQMKPI DCEM	RCTV UQOG MKPF QH VJGQTGVKECN PGGF KU DTQWIJV VQ VJG HQTG
YJKNG KP VJG 	TQWPFKPI QHH	RCTV KV KU VQ UQOG GZVGPV OGV D[ VT[KPI VQ CPUYGT UQOG QH VJG
SWGUVKQPU VJCV JCXG CTKUGP KP VJG RTGEGFKPI 6JKU KU VTKGF D[ C UJKHV VQ C FKHHGTGPV XQECDWNCT[
KP RCTVKEWNCT D[ OCMKPI UQOG J[RQVJGUGU CDQWV OKETQUVTWEVWTG 
EH UGEVKQP  6JG
GORJCUKU UJQWNF VJGTGD[ PQV UQ OWEJ DG QP VJG EQPVGPV QH UQOG RCTVKEWNCT J[RQVJGUKU DWV
TCVJGT QP KVU HWPEVKQP KP DGVVGT WPFGTUVCPFKPI UQOG QH VJG HCEVU VJCV JCXG CNTGCF[ DGGP
GUVCDNKUJGF +P UGEVKQP  + JCXG CNTGCF[ IKXGP CP GZCORNG QH CP J[RQVJGUKU VJCV OKIJV DG
WUGHWN TCFKCVKQP KU PQVJKPI DWV XGT[ HCUV OQXKPI RCTVKENGU 6JCV KU TCFKCVKQP EQPUKUVU QH
RCTVKENGU DWV VJQUG RCTVKENGU CU UWEJ CTG PQV TCFKCVKQP 6JG[ CTG QPN[ TCFKCVKQP CPF CTG QPN[
CDNG VQ FQ FCOCIG CU NQPI CU VJG[ CTG OQXKPI #PF VJG HCEV GI VJCV TCFKCVKQP UGGOU VQ
FKUCRRGCT KP VJG UGPUG VJCV CP QDLGEV FQGU PQV DGEQOG TCFKQCEVKXG D[ KTTCFKCVKQP CPF KU QPN[
GHHGEVGF HQT CU NQPI CU KV KU DGKPI KTTCFKCVGF OKIJV GXGPVWCNN[ DG GZRNCKPGF D[ C OKETQNGXGN
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

CEEQWPV QH YJCV JCRRGPU YKVJ VJG HCUV OQXKPI RCTVKENGU YJGP VJG[ IGV KPVQ CP QDLGEV 'I
VJG RCTVKENGU QH VJG TCFKCVKQP EQNNKFG YKVJ VJG RCTVKENGU VJCV VJG KTTCFKCVGF QDLGEV EQPUKUVU QH
+V KU DGECWUG QH VJQUG EQNNKUKQPU VJCV VJG RCTVKENGU QH VJG TCFKCVKQP QP VJG QPG JCPF OC[ FQ
FCOCIG VQ VJG QDLGEV YJKNG QP VJG QVJGT VJG[ VJGOUGNXGU NQUG URGGF 6JGP GKVJGT C RCTVKENG
QH VJG TCFKCVKQP IGVU RGTJCRU CHVGT JCXKPI FQPG UQOG FCOCIG VJTQWIJ VJG QDLGEV QT KV
EQOGU VQ C UVQR KPUKFG VJG QDLGEV 5Q CHVGT VJG KTTCFKCVKQP JCU UVQRRGF KG CHVGT VJG DQODCTF
OGPVYKVJ VJG HCUVOQXKPI RCTVKENGU JCU UVQRRGF PGKVJGT FQ VJGTG GUECRG HCUVOQXKPI RCTVKENGU
QWV QH VJG KTTCFKCVGF QDLGEV CP[ NQPIGT PQT KU VJGTG UVKNN CP[ FCOCIG FQPG D[ HCUV OQXKPI
RCTVKENGU 5QOG RCTVKENGU QH VJG TCFKCVKQP OC[ KPFGGF JCXG TGOCKPGF KP VJG KTTCFKCVGF QDLGEV
DWV VJG[ CTG UVCPFKPI UVKNN CPF VJWU PQ NQPIGT ECWUG CP[ FCOCIG +H KP UWEJ C YC[ KV GPCDNGU
VJGO VQ CPUYGT UQOG QH VJGKT SWGUVKQPU VJG RWRKNU CTG GZRGEVGF VQ EQOG VQ UGG UQOG XCNWG
KP VJG UWIIGUVGF J[RQVJGUKU CPF VJG OQTG UQ VJG OQTG SWGUVKQPU KV GPCDNGU VJGO VQ VCEMNG
+ CO XGT[ OQFGUV EQPEGTPKPI VJG GZVGPV QH YJCV ECP DG CEJKGXGF KP VJKU YC[ JQYGXGT
#U + CNTGCF[ PQVGF KP UGEVKQP  + YQWNF DG SWKVG UCVKUHKGF KH VJG RWRKNU LWUV IQV C HNCXQWT
QH JQY C UJKHV VQ C FKHHGTGPV XQECDWNCT[ OKIJV GPCDNG C FGGRGT WPFGTUVCPFKPI + GZRGEV
OQTGQXGT VJCV VJGKT VJGQTGVKECN PGGF CUMU HQT PQV OWEJ OQTG VJCP LWUV VJCV 'XGP VJQWIJ
OQUV QH VJGKT SWGUVKQPU YKNN UVKNN PQV DG CPUYGTGF CPF GXGP VJQWIJ UQOG QH VJG CPUYGTU OC[
KP VWTP JCXG IKXGP TKUG VQ PGY SWGUVKQPU + VJKPM VJCV VJG WPKV EQWNF DG UCVKUHCEVQTKN[ TQWPFGF
QHH PQY VJCV VJG RWRKNU MPQY VJCV VJGTG KU UVKNN OWEJOQTG VQ DG UCKF CPF GZRNQTGF EQPEGTPKPI
TCFKQCEVKXG RJGPQOGPC CPF JCXG UGGP C INKORUG QH VJG FKTGEVKQP QH UWEJ C HWTVJGT
GZRNQTCVKQP #HVGT CNN VJG[ CNTGCF[ JCXG NGCTPGF SWKVG C NQV CDQWV TCFKQCEVKXKV[ CPF KH + CO
TKIJV EQPEGTPKPIO[ GZRGEVCVKQPU VJG[ JCXG NGCTPGF KV KP UWEJ CYC[ VJCV CNN CNQPI VJG[ MPGY
YJCV KV YCU CNN CDQWV
+ JCXG LWUV UMGVEJGF JQY + YQWNF TQWPF QHH VJG VQRKE KH VJKPIU YGTG GPVKTGN[ WR VQ OG $WV
VJG[ CTG PQV +P RCTVKEWNCT + HGNV QDNKIGF VQ OGGV VJG FGOCPFU QH VJG GZCOKPCVKQP U[NNCDWU
#PF VJG U[NNCDWU FGOCPFU VJCV RWRKNU MPQY CDQWV RTQVQPU GNGEVTQPU PGWVTQPU WPUVCDNG
PWENGK KUQVQRGU GVE MPQY VJCV TCFKCVKQP EQPUKUVU QH JGNKWO PWENGK TCFKCVKQP QH
GNGEVTQPU GVE + VJKPM VJCV VJGUG FGOCPFU TGHNGEV VJG VGPFGPE[ VJCV + JCXGRQKPVGF CV KP EJCRVGT
 PCOGN[ VQ UGNHGXKFGPVN[ CUUQEKCVG VJG VQRKE QH TCFKQCEVKXKV[ YKVJ 	CDUVTCEV	 	VJGQTGVKECN	
CPF 	PWENGCT OQFGN	 VQ VCMG KV CU UGNHGXKFGPV VJCV VQ OGCPKPIHWNN[ VGCEJ VJG VQRKE QH
TCFKQCEVKXKV[ GXGP KH QPG CKOU CV 	EQPVGZVWCN RJ[UKEU	 QT 	RJ[UKEU KP EQPVGZVU	 QPG YKNN JCXG
VQ HKTUV VGCEJ CDQWV CVQOU PWENGK GVE +P EJCRVGT  + JCXG CNTGCF[ CTIWGF CICKPUV VJG
QDXKQWUPGUU QH VJKU VGPFGPE[ CPF OQTGQXGT VJG FKFCEVKECN UVTWEVWTG QWVNKPGF CDQXG ECP CNUQ
DG UGGP CU OCMKPI C ECUG HQT VJG RQUUKDKNKV[ QH OGCPKPIHWNN[ VGCEJKPI VJG VQRKE QH TCFKQCE
VKXKV[ YKVJQWV VGCEJKPI CDQWV CVQOU PWENGK GVE $WV PGXGTVJGNGUU VJG GZCOKPCVKQP U[NNCDWU
DGKPI YJCV KV KU VJGTG KU QH EQWTUG VJG TGURQPUKDKNKV[ VQ RTGRCTG VJG RWRKNU HQT KV
%JCRVGT  CU KV KU YTKVVGP CPF DTKGHN[ QWVNKPGF DGNQY KU UQOG UQTV QH J[DTKF RTQFWEV VJCV
JCU CTKUGP QWV QH VJG VGPUKQP DGVYGGP TQWPFKPI QHH VJG VQRKE CU + YQWNF JCXG NKMGF CPF
OGGVKPI VJG FGOCPFU QH VJG GZCOKPCVKQP U[NNCDWU +V JCU DGGP VTKGF VQ OGTIG VJG VYQ D[ CNUQ
RTGUGPVKPI VJG HCEVU VJCV RWRKNU JCXG VQ MPQY CEEQTFKPI VQ VJG GZCOKPCVKQP U[NNCDWU KP VJG
EQPVGZV QH CPUYGTKPI VJG SWGUVKQPU VJCV JCXG GOGTIGF KP VJG RTGEGFKPI + YCU HWNN[ CYCTG
JQYGXGT VJCV VJKU KU CP WPGCU[ EQORTQOKUG VQ UC[ VJG NGCUV (QT VJG SWGUVKQPU VJCV JCXG
GOGTIGF KP VJG RTGEGFKPI UWTGN[ FQ PQV LWUVKH[ KP CP[ YC[ VJG KPVTQFWEVKQP QH C HCKTN[ FGVCKNGF
PWENGCT OQFGN QT VQ RWV KV CPQVJGT YC[ VJG RTGUGPVGF PWENGCT OQFGN FQGU PQV OCVEJ KP CP[
YC[ VJG VJGQTGVKECN PGGF VJCV OC[ JCXG GOGTIGF +V KU NKMG IKXKPI VJGO C UNGFIGJCOOGT VJG[
# 2TQDNGO2QUKPI #RRTQCEJ

ECPPQV TGCNN[ DGCT CPF VJGP CUMKPI VJGO VQ LWUV ETCEM C PWV YKVJ KV 0GXGTVJGNGUU GXGP
VJQWIJ + YCU PQV XGT[ UCVKUHKGF CDQWV EJCRVGT  KV YCU FGEKFGF VQ VT[ KV QWV CV NGCUV QPEG
 +PFWEKPI C VJGQTGVKECN PGGF D[ NQQMKPI DCEM
6JG VGCEJGT DGIKPU YKVJ PQVKPI VJCV VJG RWRKNU CNTGCF[ JCXG NGCTPGF SWKVG C NQV CDQWV
TCFKQCEVKXKV[ CPF KPVTQFWEGU VJG VJGOG QH EJCRVGT  TQWPFKPI QHH D[ NQQMKPI DCEM QP YJCV
JCU DGGP GUVCDNKUJGF KP VJG RTGEGFKPI KP RCTVKEWNCT QP VJG SWGUVKQPU VJCV JCXG CTKUGP KP VJG
RTGEGFKPI HQT UQOG QH YJKEJ KV YKNN DG VTKGF VQ HKPF CP CPUYGT
5GEVKQP  
3WGUVKQPU YG UVKNN PGGF VQ HKPF CP CPUYGT VQ EQPVCKPU VYQ VCUMU +P VJG HKTUV
QPG VJG RWRKNU CTG EJCNNGPIGF VQ NQQM DCEM QP YJCV JCU DGGP GUVCDNKUJGF KP VJG RTGEGFKPI CPF
VQ EQNNGEV UQOG SWGUVKQPU QP KV 6JG[ CTG IKXGP VJG JKPVU VQ NQQM CV VJG UWOOCTKGU CPF KP
RCTVKEWNCT CV VJG 	SWGUVKQPU YG UVKNN JCXG VQ HKPF CP CPUYGT VQ	 $WV VJG[ OC[ CNUQ JCXG UQOG
SWGUVKQPU EQPEGTPKPI VJG 	KORQTVCPV VJKPIU VQ TGOGODGT	 #PF RGTJCRU VJG[ JCXG EWV UQOG
CTVKENGU QP YJKEJ VJG[ JCXG SWGUVKQPU +P VJG UGEQPF VCUM VJG RWRKNU CTG CUMGF YJGVJGT VJG[
ECP CNTGCF[ CPUYGT UQOG QH VJG SWGUVKQPU VJG[ JCXG LWUV EQNNGEVGF
+P VJG FKUEWUUKQP QH VJG VCUMU VJG VGCEJGT OC[ HKTUV QH CNN JCXG VJG QRRQTVWPKV[ VQ RQKPV QWV
VJCV VJG RWRKNU JCXG KPFGGF NGCTPGF UQOGVJKPI (QT VJG[ OC[ JCXG HQWPF VJCV VJG[ ECP PQY
CPUYGT UQOG QH VJG SWGUVKQPU VJG[ QPEG JCF GI YJ[ KPKVKCNN[ VJG[ YGTG PQV CDNG VQ OCMG
CP CRRNG TCFKQCEVKXG YJKNG CHVGT VJG %JGTPQD[N CEEKFGPV HTGUJ XGIGVCDNGU JCF DGEQOG
TCFKQCEVKXG 6JG VGCEJGT VJGP HQEWUGU QP VJG SWGUVKQPU VJCV UVKNN TGOCKP WPCPUYGTGF CPF VTKGU
VQ DTKPI QWV VJGKT 	YJ[EJCTCEVGT	 YG FQ CNTGCF[ MPQY VJCV UWEJ CPF UWEJ KU VJG ECUG DWV
YJ[ KU VJCV! 'I YG FQ MPQY VJCV CP QDLGEV FQGU PQV DGEQOG TCFKQCEVKXG D[ KTTCFKCVKQP
DWV YJ[ KU VJCV UQ! &GRGPFKPI QP YJCV VJG[ VJGOUGNXGU JCXG CNTGCF[ DTQWIJV HQTYCTF VJG
VGCEJGT OC[ CUM VJG RWRKNU KH VJG[ FQ MPQY OQTG UWEJ 	YJ[SWGUVKQPU	 +H PGGFGF VJG
VGCEJGT JKO QT JGTUGNH OC[ CNUQ CFF UQOG GI YJ[ KU VJG RGPGVTCVKPI RQYGT QH TCFKCVKQP
JKIJGT VJCP VJCV QH TCFKCVKQP! YJ[ FQGU VJG UVTGPIVJ QH C TCFKQCEVKXG UWDUVCPEG FGETGCUG
YKVJ VKOG! YJ[ FQ VJG JCNHNKXGU QH FKHHGTGPV TCFKQCEVKXG UWDUVCPEGU FKHHGT 
UQ EQPUKFGTCDN[
KP UQOG ECUGU!
 6T[KPI VQ OGGV VJG VJGQTGVKECN PGGF D[ C UJKHV VQ C FKHHGTGPV XQECDWNCT[
#P J[RQVJGUKU CDQWV VJG PCVWTG QH TCFKCVKQP
+P UGEVKQP  
*QY ECP YG EQPEGKXG QH TCFKCVKQP! C DGIKPPKPI KU OCFG YKVJ VCEMNKPI UQOG
QH VJGUG SWGUVKQPU 1P VJG DCUKU QH UQOG QH VJG 	YJ[SWGUVKQPU	 VJCV CTG GZRGEVGF VQ JCXG
EQOG HQTYCTF VJG VGCEJGT HKTUV QH CNN YQTMU VQYCTFU VJG SWGUVKQP YJCV KU TCFKCVKQP CP[YC[!
6JG VGCEJGT VJGP VGNNU VJCV RJ[UKEKUVU VQQ JCXG RQUGF VJG UQTV QH SWGUVKQPU VJCV VJG RWRKNU JCXG
CPF VJCV KP QTFGT VQ CPUYGT VJGO JCXG JCF VJG KFGC VQ VJKPM QH TCFKCVKQP CU EQPUKUVKPI QH RCT
VKENGU XGT[ UOCNN RCTVKENGU VJCV CTG OQXKPI XGT[ HCUV #EEQTFKPI VQ VJCV KFGC C TCFKQCEVKXG
UWDUVCPEG UJQQVU CYC[ RCTVKENGU YJKEJ ECP GPEQWPVGT CNN UQTVU QH VJKPIU QP VJGKT YC[ C
)GKIGT EQWPVGT C JWOCP DQF[ GVE 6JG EQWPVGT VKEMU GCEJ VKOG C RCTVKENG GPVGTU KV +P C
JWOCP DQF[ C RCTVKENG OC[ EQNNKFG YKVJ EGNNU CPF VJWU FQ FCOCIG VQ EGNNU
6T[KPI VQ CPUYGT UQOG SWGUVKQPU D[ WUKPI VJCV J[RQVJGUKU
6JG VGCEJGT CNUQ PQVGU VJCV VJG KFGC VJCV TCFKCVKQP KU PQVJKPI DWV XGT[ HCUV OQXKPI RCTVKENGU
OC[ UQWPF XGT[ UVTCPIG 5VKNN RJ[UKEKUVU JCXG EQOG VQ CRRTGEKCVG VJG KFGC CU WUGHWN DGECWUG
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

KV JCU GPCDNGF VJGO VQ CPUYGT C NQV QH VJGKT SWGUVKQPU 2GTJCRU KV YKNN CNUQ GPCDNG VJG RWRKNU
VQ FQ UQ 6JG VGCEJGT VJGP UGVU VJG RWRKNU VQ YQTM QP VJG DGNQY VCUM KP YJKEJ VJG[ CTG VQ
CPUYGT UQOG SWGUVKQPU D[ WUKPI VJG KFGC VJCV TCFKCVKQP EQPUKUVU QH XGT[ HCUVOQXKPI RCTVKENGU

1H EQWTUG VJG[ CTG CNUQ HTGG VQ VT[ VQ CPUYGT UQOG QVJGT SWGUVKQPU D[ WUKPI VJCV KFGC
 #PUYGTKPI WPCPUYGTGF SWGUVKQPU
C $GVCTCFKCVKQP FQGU PQV RGPGVTCVG C RNCVG QH NGCF 9J[!

*KPVU  $GVCTCFKCVKQP EQPUKUVU QH RCTVKENGU
 .GCF EQPUKUVU QH OQNGEWNGU
D #NRJCTCFKCVKQP RGPGVTCVGU LWUV C HGY EGPVKOGVTGU KPVQ CKT
9J[ KU VJCV!

*KPV  #KT VQQ EQPUKUVU QH OQNGEWNGU
E $GVCTCFKCVKQP QPN[ RCTVN[ RCUUGU VJTQWIJ C RNCVG QH CNWOKPKWO $WV DGVCTCFKCVKQP FQGU
PQV RCUU VJTQWIJ C RNCVG QH NGCF CV CNN
9J[ PQV VJTQWIJ NGCF CPF RCTVN[ VJTQWIJ CNWOKPKWO!
F #NRJCTCFKCVKQP FQGU PQV RCUU VJTQWIJ C UJGGV QH RCRGT $GVCTCFKCVKQP FQGU UQ RCTVN[
6JCV KU VJG RGPGVTCVKPI RQYGT QH DGVCTCFKCVKQP KU JKIJGT
6JKPM QH UQOG GZRNCPCVKQPU HQT VJCV
G 9JKNG UQOGDQF[ KU DGKPI KTTCFKCVGF VJG TCFKCVKQP ECP FQ FCOCIG #HVGT VJG KTTCFKCVKQP
VJGTG KU PQ FCOCIG FQPG CP[ NQPIGT
9J[ KU VJCV!

*KPVU  4CFKCVKQP EQPUKUVU QH RCTVKENGU
 6JQUG RCTVKENGU ECP FQ FCOCIG D[ EQNNKUKQPU
H +TTCFKCVGF HQQF KU PQV TCFKQCEVKXG
9J[ KU KV VJCV VJG HQQF KVUGNH FQGU PQV GOKV TCFKCVKQP CHVGT JCXKPI DGGP KTTCFKCVGF!
+V KU GZRGEVGF VJCV VJG RWRKNU YKNN DG CDNG VQ VJKPM QH YC[U VQ WUG VJG UWIIGUVGF KFGC KP QTFGT
VQ CPUYGT VJGUG SWGUVKQPU CPF VJCV KP FQKPI UQ VJG[YKNN OCMG CFFKVKQPCN CUUWORVKQPU CDQWV
GI VJG UK\G CPF URGGF QH VJG RCTVKENGU QT CDQWV VJG FGPUKV[ QH VJG OQNGEWNGU QH VJG QDLGEV
VJG[ EQNNKFG YKVJ +P VJG FKUEWUUKQP QH RWRKNU	 GZRNCPCVKQPU VJG VGCEJGT	U HQEWU UJQWNF PQV
UQ OWEJ DG QP VJG EQPVGPV QH UQOG RCTVKEWNCT GZRNCPCVKQP DWV TCVJGT QP YJGVJGT VJG
UWIIGUVGF KFGC KU UQWPFN[ WUGF KP KV VQ CPUYGT C SWGUVKQP 6JWU VJG RWRKNU OC[ EQOG VQ
CRRTGEKCVG VJG KFGC CU WUGHWN 
CV NGCUV VQ UQOG GZVGPV
5QOG OQTG J[RQVJGUGU CDQWV VJG PCVWTG QH 
TCFKQCEVKXG UWDUVCPEGU
6JG UVTWEVWTG QH UGEVKQP  
*QY ECP YG EQPEGKXG QH 
TCFKQCEVKXG UWDUVCPEGU! KU KP C YC[
VJG UCOG CU VJCV QH UGEVKQP  (KTUVN[ VJG VGCEJGT YQTMU VQYCTFU C SWGUVKQP 
KP VJKU ECUG
YJ[ KU KV VJCV C TCFKQCEVKXG UWDUVCPEG KU TCFKQCEVKXG! 5GEQPFN[ UQOG J[RQVJGUGU CTG
RTGUGPVGF 
KP VJKU ECUG EQPEGTPKPI VJG PCVWTG QH UWDUVCPEGU KP IGPGTCN CPF QH TCFKQCEVKXG
UWDUVCPEGU KP RCTVKEWNCT 6JKTFN[ UQOG SWGUVKQPU CTG DGKPI CPUYGTGF D[ WUKPI VJGUG
J[RQVJGUGU 
KP VJKU ECUG KP RCTVKEWNCT VJG J[RQVJGUKU VJCV VJG RCTVKENGU QH TCFKCVKQP CTG GOKVVGF
D[ WPUVCDNG PWENGK 6JGFKHHGTGPEGYKVJ UGEVKQP  JQYGXGT KU VJCV VJKU VKOG UQOG CTVKNNGT[
KU FGXGNQRGF KP VJG UGEQPF UVGR VJCV KU HCT VQQ JGCX[ HQT VJG WUG KV KU RWV VQ KP VJG VJKTF UVGR
6JG TGCUQP KU VJCV KV KU KP VJKU UGEQPF UVGR VJCV + HGNV QDNKIGF VQ OGGV VJG FGOCPFU QH VJG
GZCOKPCVKQP U[NNCDWU
# 2TQDNGO2QUKPI #RRTQCEJ

#P[JQY VJG VGCEJGT NKPMU WR YKVJ UGEVKQP  D[ PQVKPI VJCV VJG RWRKNU OC[ JCXG DGIWP VQ
UGG UQOG WUG QH VJG KFGC RTGUGPVGF VJGTG HQT CPUYGTKPI UQOG SWGUVKQPU $WV KV FQGU PQV
CPUYGT CNN SWGUVKQPU CPF KP VWTP KVUGNH GXQMGU UQOG PGY SWGUVKQPU (QT CEEQTFKPI VQ VJCV
KFGC C TCFKQCEVKXG UWDUVCPEG UJQQVU CYC[ RCTVKENGU $WV YJGTG FQ VJQUG RCTVKENGU EQOG HTQO!
#PF YJ[ KU KV VJCV UQOG UWDUVCPEGU GOKV UWEJ RCTVKENGU YJKNG QVJGTU FQ PQV! 9J[ GZCEVN[
KU KV VJCV C TCFKQCEVKXG UWDUVCPEG KU TCFKQCEVKXG!
6JG VGCEJGT VJGP VGNNU VJCV KP QTFGT VQ CPUYGT UWEJ SWGUVKQPU RJ[UKEKUVU JCXG RWV HQTYCTF
UQOG KFGCU EQPEGTPKPI VJG PCVWTG QH TCFKQCEVKXG UWDUVCPEGU 6JGUG KFGCU JCXG KP VWTP EQOG
HQTYCTF QWV QH KFGCU EQPEGTPKPI VJG PCVWTG QH UWDUVCPEGU KP IGPGTCN CU RJ[UKEKUVU CPF
EJGOKUVU JCXG FGXGNQRGF VJGO VJTQWIJQWV VJG CIGU +P EJGOKUVT[ ENCUU VJG RWRKNU OC[
CNTGCF[ JCXG EQOG CETQUU UQOG UWEJ KFGCU GI VJG KFGC VJCV UWDUVCPEGU EQPUKUV QH
OQNGEWNGU CPF VJCV OQNGEWNGU EQPUKUV QH CVQOU 5WEJ KFGCU OC[ CICKP UQWPF UVTCPIG DWV
EJGOKUVU JCXG EQOG VQ CRRTGEKCVG VJGO CU WUGHWN UKPEG UWEJ KFGCU JCXG GPCDNGF VJGO VQ
GZRNCKP CPF RTGFKEV JQY UWDUVCPEGU YKNN TGCEV YKVJ GCEJ QVJGT CPF YJKEJ PGY UWDUVCPEGU
GOGTIG KP UWEJ TGCEVKQPU 5QOG HWTVJGT KFGCU EQPEGTPKPI VJG PCVWTG QH UWDUVCPEGU JCXG
RTQXGF WUGHWN VQ DGVVGT WPFGTUVCPF YJ[ UQOG UWDUVCPEGU CTG TCFKQCEVKXG
6JG HWTVJGT KFGCU CDQWV UWDUVCPEGU VJCV CTG 
DQVJ XGTDCNN[ CPF RKEVQTKCNN[ RTGUGPVGF KP VJG
VGZV CTG CVQOU EQPUKUV QH RTQVQPU PGWVTQPU CPF GNGEVTQPU VJG PWODGT QH RTQVQPU KP CP CVQO
GSWCNU VJG PWODGT QH GNGEVTQPU KP CP CVQO 
CPF KU ECNNGF VJG CVQOKE PWODGT VJG RTQVQPU
CPF PGWVTQPU UKV ENQUG VQ GCEJ QVJGT KP C UOCNN ENQF YJKEJ KU ECNNGF VJG PWENGWU QH VJG CVQO
VJG GNGEVTQPU EKTENG CTQWPF VJG PWENGWU #U HWTVJGT KFGCU CDQWV TCFKQCEVKXG UWDUVCPEGU KP
RCTVKEWNCT VJG HQNNQYKPI CTG RTGUGPVGF YJCV KU URGEKCN CDQWV TCFKQCEVKXG UWDUVCPEGU KU VJCV
VJG PWENGK QH VJG CVQOU VJG[ EQPUKUV QH CTG WPUVCDNG KG KPENKPGF VQ EJCPIG WPUVCDNG PWENGK
EJCPIG D[ UJQQVKPI CYC[ C RCTVKENG UQOG WPUVCDNG PWENGK UJQQV CYC[ CNRJCRCTVKENGU YJKEJ
CTG ENQFU QH VYQ PGWVTQPU CPF VYQ RTQVQPU TCFKQCEVKXG UWDUVCPEGU YJQUG WPUVCDNG PWENGK
EJCPIG D[ UJQQVKPI CYC[ CNRJCRCTVKENGU GOKV CNRJCTCFKCVKQP KG VJG HCUV OQXKPI RCTVKENGU
VJCV CNRJCTCFKCVKQP EQPUKUVU QH CTG CNRJCRCTVKENGU VJG CEVKXKV[ QH C TCFKQCEVKXG UWDUVCPEG

YKVJ VJG DGESWGTGN CU WPKV KU VJG PWODGT QH KVU WPUVCDNG PWENGK VJCV RGT UGEQPF EJCPIG QT
GSWKXCNGPVN[ VJG PWODGT QH RCTVKENGU VJCV RGT UGEQPF CTG UJQV CYC[ D[ KVU WPUVCDNG PWENGK
#NQPIUKFG VJKU RTGUGPVCVKQP VJG VGZVDQQM CNUQ EQPVCKPU C NQV QH VCUMU YJQUG OCKP HWPEVKQP KU
VQ NGV VJG RWRKNU RTCEVKEG YKVJ VJG OWNVKVWFG QH RTGUGPVGF KFGCU 
KG YKVJ VJG HCEVU VJCV RWRKNU
JCXG VQ MPQY CEEQTFKPI VQ VJG GZCOKPCVKQP U[NNCDWU 6JGTG KU CNUQ C VCUM KP YJKEJ VJG RWRKNU
CTG CUMGF VQ TGNCVG VJG PQVKQP 	CEVKXKV[ QH C TCFKQCEVKXG UWDUVCPEG	 CU KV KU FGHKPGF JGTG VQ VJG
PQVKQP 	UVTGPIVJ QH C TCFKQCEVKXG UWDUVCPEG	 CU VJG[ JCXG FGHKPGF KV KP EJCRVGT 
6T[KPI VQ CPUYGT UQOG SWGUVKQPU D[ WUKPI VJG J[RQVJGUGU
#V VJG GPF QH UGEVKQP  VJG NGCFKPI VJTGCF KU VCMGP WR CICKP KP C VCUM VJCV KU IKXGP DGNQY
CPF YJKEJ KU UKOKNCT VQ VCUM  IKXGP CDQXG 
+ JQRG VQ JCXG OCFG ENGCT VJCV + JCXG O[ FQWDVU
CDQWV YJGVJGT CNUQ HQT VJG RWRKNU VJG NGCFKPI VJTGCF KU UVKNN XKUKDNG QT YJGVJGT KPUVGCF VJG[
JCXG NQUV VJGKT VJTGCF CNVQIGVJGT
 #PUYGTKPI WPCPUYGTGF SWGUVKQPU
;QW PQY MPQY JQY RJ[UKEKUVU VJKPM VJCV UWDUVCPEGU CTG DWKNF WR #PF YJ[ CEEQTFKPI
VQ VJGO KV KU VJCV UQOG UWDUVCPEGU CTG TCFKQCEVKXG 9KVJ VJQUG KFGCU VJG[ ECP CPUYGT C
NQV QH SWGUVKQPU
%CP [QW VQQ!
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

#PUYGT VJG DGNQY SWGUVKQPU 7UG KP [QWT CPUYGTU VJG
KFGC VJCV TCFKCVKQP KU GOKVVGF D[ WPUVCDNG PWENGK
C 5QOG RWRKNU OGCUWTG PGCT VYQ UVQPGU 0GCT VJG QPG UVQPG VJG[ FQ PQV OGCUWTG TCFKCVKQP
PGCT VJG QVJGT VJG[ FQ
9J[ KU VJCV!
D 9J[ ECP	V QPG UKORN[ UYKVEJ QHH TCFKQCEVKXG OCVGTKCN! ,WUV NKMG C NCOR QT CP :TC[
OCEJKPG
E 9J[ FQGU C TCFKQCEVKXG UQWTEG GOKV NGUU TCFKCVKQP KP VJG EQWTUG QH VKOG!
F 5QOG RWRKNU OGCUWTG PGCT VYQ TCFKQCEVKXG UVQPGU 6JG[ HKPF VJCV VJG UVTGPIVJ QH VJG QPG
UVQPG KU OWEJ ITGCVGT VJCP VJCV QH VJG QVJGT
6T[ VQ VJKPM QH YJCV OKIJV DG VJG ECWUG QH VJCV
G 5QOG TCFKQCEVKXG UWDUVCPEGU JCXG C JCNHNKHG QH C EQWRNG QH DKNNKQP [GCTU 6JG JCNHNKHG
QH QVJGT TCFKQCEVKXG UWDUVCPEGU KU LWUV C HGY VGPVJU QH C UGEQPF
6T[ VQ VJKPM QH YJCV OKIJV DG VJG ECWUG QH VJCV
+P VJKU VCUM VQQ VJG RWRKNU CTG HTGG VQ CNUQ VT[ VQ CPUYGT UQOG QVJGT SWGUVKQPU D[ WUKPI VJG
RTGUGPVGF KFGCU +V KU GZRGEVGF VJCV VJG RWRKNU YKNN DG CDNG VQ VJKPM QH YC[U VQ WUG VJG UWI
IGUVGF KFGC KP QTFGT VQ CPUYGT VJG SWGUVKQPU CPF VJCV KP FQKPI UQ VJG[ YKNN OCMG CFFKVKQPCN
CUUWORVKQPU GI VJCV VJG OQTG WPUVCDNG PWENGK YKNN EJCPIG RGT UGEQPF VJG OQTG WPUVCDNG
PWENGK C TCFKQCEVKXG UWDUVCPEG EQPVCKPU QT VJCV VJG WPUVCDNG PWENGK QH VJG QPG TCFKQCEVKXG UWD
UVCPEG CTG OQTG WPUVCDNG 
OQTG KPENKPGF VQ EJCPIG VJCP VJQUG QH QVJGT TCFKQCEVKXG
UWDUVCPEGU +P VJG FKUEWUUKQP QH RWRKNU	 GZRNCPCVKQPU VJG VGCEJGT UJQWNF CICKP PQV UQ OWEJ
HQEWU QP VJG EQPVGPV QH UQOG RCTVKEWNCT GZRNCPCVKQP DWV TCVJGT QP YJGVJGT VJG UWIIGUVGF
KFGCU CTG UQWPFN[ WUGF KP KV VQ CPUYGT C SWGUVKQP +P VJKU YC[ VJG OCZKOWO KU FQPG VQ OCMG
VJG RWRKNU CRRTGEKCVG VJG WUGHWNPGUU QH UQOG QH VJG RTGUGPVGF KFGCU 
+V YKNN DG ENGCT VJCV +
JCXG PQ JKIJ GZRGEVCVKQPU EQPEGTPKPI VJG FGITGG QH VJKU CRRTGEKCVKQP
 4QWPFKPI QHH
+P UGEVKQP  
*CXG CNN SWGUVKQPU DGGP CPUYGTGF! VJG WPKV KU TQWPFGF QHH +V EQPVCKPU QPG
VCUM KP YJKEJ VJG RWRKNU CTG CUMGF VQ NQQM DCEM QP VJG WPCPUYGTGF SWGUVKQPU VJG[ JCF PQVGF
FQYP CV VJG DGIKPPKPI QH VJG EJCRVGT CPF VQ EJGEM YJKEJ QPGU JCXG DGGP QT ECP PQY DG
CPUYGTGF CPF YJKEJ QPGU UVKNN ECPPQV DG CPUYGTGF 6JG CVVGPVKQP QH VJG RWRKNU KU VJWU QPEG
OQTG GZRNKEKVN[ HQEWUGF QP VJG VJGOG QH EJCRVGT 
+P VJG FKUEWUUKQP QH VJG VCUM VJG VGCEJGT DWKNFU QP YJCV VJG RWRKNU DTKPI HQTYCTF CPF VTKGU
VQ DTKPI QWV UWEJ VJKPIU CU KPFGGF UQOG QH VJG SWGUVKQPU JCXG DGGP CPUYGTGF D[ WUKPI UQOG
PGY KFGCU DWV QP VJG QVJGT JCPF UQOG SWGUVKQPU JCXG PQV DGGP CPUYGTGF QT UQOG PGY SWGU
VKQPU JCXG KP VWTP GOGTIGF 6JG VGCEJGT OC[ CFF VQ VJKU VJCV RJ[UKEKUVU JCXG HQWPF VJCV VJG
HCUV OQXKPI RCTVKENGU QH YJKEJ DGVCTCFKCVKQP EQPUKUVU CTG GNGEVTQPU 6JCV KU TCFKQCEVKXG
UWDUVCPEGU VJCV GOKV DGVCTCFKCVKQP EQPVCKP WPUVCDNG PWENGK VJCV EJCPIG D[ UJQQVKPI CYC[
GNGEVTQPU $WV JQY QP GCTVJ ECP GNGEVTQPU DG UJQV CYC[ HTQO PWENGK YJKEJ FQ PQV EQPVCKP
GNGEVTQPU!
# 2TQDNGO2QUKPI #RRTQCEJ
 +P VJG PGZV EJCRVGT + YKNN FKUEWUU KVU UVCVWU CHVGT KV YCU VTKGF CPF KP RCTVKEWNCT CFFTGUU VJG SWGUVKQP YJGVJGT
KV FKF KPFGGF EQOG QWV CU PGCT 	IQQF GPQWIJ	

6Q ENQUG VJG VQRKE VJG VGCEJGT OC[ FTCY VJG HQNNQYKPI OQTCN +V KU CDUQNWVGN[ PQ UJCOG
VJCV UQOG QH RWRKNU	 SWGUVKQPU JCXG TGOCKPGF WPCPUYGTGF QT VJCV UQOG QH VJGKT CPUYGTU JCXG
KP VWTP IGPGTCVGF PGY SWGUVKQPU 6JG UCOG IQGU HQT RJ[UKEKUVU +P HCEV YJKNG RJ[UKEKUVU OC[
JCXG HQWPF CPUYGTU VQ UQOG QH VJG SWGUVKQPU VJCV HQT VJG RWRKNU UVKNN TGOCKP WPCPUYGTGF QP
UQOG QVJGT UWEJ SWGUVKQPU VJG[ CTG UVKNN FQKPI TGUGCTEJ VQFC[ #PF CNVJQWIJ VJG RWRKNU YKNN
PQV HWTVJGT UVWF[ VJG HTWKVU QH RJ[UKEKUVU	 HWTVJGT TGUGCTEJ VJG[ OC[ CV NGCUV JCXG IQV UQOG
KFGC CDQWV VJGYC[ VJCV RJ[UKEKUVU VT[ VQ VCEMNG VJG HWTVJGT SWGUVKQPU EQPEGTPKPI TCFKQCEVKXKV[
+UP	V VJCV GPQWIJ!
 5VCVWU QH VJG FKFCEVKECN UVTWEVWTG
9JGP + JCF YTKVVGP VJG CDQXG FKFCEVKECN UVTWEVWTG + DGNKGXGF VJCV KV YQWNF EQOG PGCT VQ
	IQQF GPQWIJ	 
EH UGEVKQP  6JCV KU CNVJQWIJ + JCF VJG KFGC VJCV KV EQWNF DG CRRTQXGF
KH QPN[ + JCF JCF UQOG OQTG VKOG + CNUQ DGNKGXGF VJCV KV YQWNF UGTXG CU C XCNWCDNG IWKFGNKPG
KP VJG EQOKPI UGTKGU QH NGUUQPU KP VJG UGPUG VJCV VJGUG UGTKGU YQWNF PQV FGXKCVG OWEJ HTQO
KV VJQWIJ VJG[ YQWNF QH EQWTUG OGCPFGT UQOGYJCV CTQWPF KVU OCKP RCVJ /[ OCKP TGCUQP
HQT DGNKGXKPI VJKU YCU VJCV + JCF SWKVG GZRNKEKVN[ EQPUVTWEVGF VJG FKFCEVKECN UVTWEVWTG CU C
FGVCKNGF RTQEGUU QH TCVKQPCN CEEQOOQFCVKQP VJCV RWRKNU VJGOUGNXGU IWKFGF D[ VGCEJGT CPF
VGCEJKPI OCVGTKCNU YQWNF DG CDNG VQ GUVCDNKUJ CPF IKXG UJCRG 5Q KH + YCU CUMGF YJ[ +
GZRGEVGF VJCV KP VJG EQOKPI UGTKGU QH NGUUQPU VJG CEVWCN RTQEGUU YQWNF PQV FGXKCVG GUUGPVKCNN[
HTQO VJG QPG RTGFKEVGF D[ VJG FKFCEVKECN UVTWEVWTG + EQWNF JCXG FQPG PQ DGVVGT VJCP TGHGT
VQ VJG FKFCEVKECN UVTWEVWTG KVUGNH CPF KPFKECVG VJCV VJGTG KV UC[U YJ[ 1H EQWTUG KV QPN[ UC[U
YJ[ VJGTG KP C RTCIOCVKE CPF KPVWKVKXG OCPPGT D[ CP KORNKEKV CRRGCN VQ HWPFCOGPVCN PQTOU
QH TCVKQPCNKV[ VJCV RWRKNU UJCTG YKVJ OG GI KH + YGTG VQ DGNKGXG CPF YCPV YJCV + CUUWOG
RWRKNU VQ DGNKGXG CPF YCPV CV VJCV UVCIG + YQWNF HKPF KV TGCUQPCDNG VQ FQ UWEJ CPF UWEJ
VJGTGHQTG + GZRGEV RWRKNU VQ FQ UWEJ CPF UWEJ # HWTVJGT TGCUQP HQT O[ DGNKGH VJCV VJG
FKFCEVKECN UVTWEVWTG YQWNF EQOG PGCT VQ 	IQQF GPQWIJ	 YCU VJCV KP KVU EQPUVTWEVKQP + JCF
VCMGP KPVQ CEEQWPV VJG ETKVKECN TGOCTMU CPF QVJGT EQOOGPVU QH UGXGTCN QVJGT RGQRNG 6JG
GZRGEVCVKQP VJCV KP VJG EQOKPI UGTKGU QH NGUUQPU VJG CEVWCN RTQEGUU YQWNF PQV FGXKCVG
GUUGPVKCNN[ HTQO VJG QPG RTGFKEVGF D[ VJG FKFCEVKECN UVTWEVWTG YCU VJGTGHQTG QPG VJCV QP VJG
UCOG RTCIOCVKE CPF KPVWKVKXG NGXGN YCU UJCTGF D[ UGXGTCN RGQRNG CPF KP VJKU UGPUG
UVTGPIVJGPGF # HKPCN TGCUQP YCU VJCV KP KVU EQPUVTWEVKQP + JCF VTKGF VQ CXQKF VJG OKUVCMGU

GI YKVJ TGURGEV VQ VJG YQTFKPI QH VCUMU VJCV DGECOG CRRCTGPV KP VJG VT[QWV QH VJG HKTUV
XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG 
EH UGEVKQP  +P VJKU YGCM UGPUG VJG FKFCEVKECN UVTWEVWTG
EQWNF DG UCKF VQ DG GORKTKECNN[ UWRRQTVGF
6JKU KU VJG UVCVWU QH VJG FKFCEVKECN UVTWEVWTG DGHQTG KV YCU VTKGF + VJKPM VYQ EQOOGPVU CTG
KP RNCEG EQPEGTPKPI KVU UVCVWU KP RCTVKEWNCT EQPEGTPKPI VJG RTCIOCVKE CPF KPVWKVKXG PCVWTG QH
KVU LWUVKHKECVKQP # HKTUV EQOOGPV KU VJCV C HWTVJGT YQTMGF QWV XGTUKQP QH &CXKFUQP	U VJGQT[
QH KPVGTRTGVCVKQP 
EH CRRGPFKZ  RTQOKUGU VJG RQUUKDKNKV[ QH C OQTG GZRNKEKV LWUVKHKECVKQP QH
C FKFCEVKECN UVTWEVWTG CU C F[PCOKE RTQEGUU QH TCVKQPCN CEEQOOQFCVKQP VJCP QPG VJCV KORNKEKVN[
# FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[

CRRGCNU VQ HWPFCOGPVCN PQTOU QH TCVKQPCNKV[ (QT UWEJ C VJGQT[ VTKGU VQ OCMG GZRNKEKV VJG
PQTOU VJCV WPFGTNKG CP WPFGTUVCPFKPI QH QPG CPQVJGT CU TCVKQPCN ETGCVWTGU 
CPF VJWU CNUQ QWT
KPVWKVKXG CPF RTCIOCVKE WPFGTUVCPFKPI QH QPG CPQVJGT CPF VJG GXKFGPVKCN DCUG VJCV KU TGSWKTGF
KP QTFGT VQ TGCEJ UWEJ CP WPFGTUVCPFKPI 
YJKEJ OWUV DG QH C MKPF VJCV KP FCKN[ NKHG YG DCUG
QWT KPVWKVKXG CPF RTCIOCVKE WPFGTUVCPFKPI QH QPG CPQVJGT QP KG RWDNKE CPF KP RTKPEKRNG
QDUGTXCDNG DGJCXKQWT CPF CP KPFKECVKQP QH VJG YC[ KP YJKEJ UWEJ CP WPFGTUVCPFKPI QP VJG
DCUKU QH VJKU GXKFGPVKCN DCUG ECP DG TGCEJGF 
D[ TCVKQPCN ETGCVWTGU NKMG QWTUGNXGU
# UGEQPF EQOOGPV KU VJCV GXGP KV YCU RQUUKDNG VQ RTQFWEG UWEJ CP GZRNKEKV LWUVKHKECVKQP
C RTGUGPVCVKQP QH C FKFCEVKECN UVTWEVWTG CU VJG QPG QH VJKU EJCRVGT YQWNF UVKNN DG QH XCNWG
RTGEKUGN[ DGECWUG KVU KORNKEKV CRRGCN VQ HWPFCOGPVCN PQTOU QH TCVKQPCNKV[ EJCNNGPIGU QPG VQ
VJKPM VJTQWIJ VJG FKFCEVKECN UVTWEVWTG HQT QPGUGNH CPF VQ LWFIG KV QP CP KPVWKVKXG CPF RTCIOCVKE
NGXGN + JQRG VJG TGCFGT JCU GZRGTKGPEGF VJKU KP TGCFKPI VJG CDQXG FKFCEVKECN UVTWEVWTG CPF
JCU TGCEJGF C RTCIOCVKE CPF KPVWKVKXG LWFIGOGPV CU VQ YJGVJGT O[ GZRGEVCVKQPU OCMG UGPUG
VQ JKO QT JGT + GZRGEV OQTGQXGT VJCV VJG TGCFGT YJQ JCU YKNN JCXG HQWPF JKO QT JGTUGNH
NCTIGN[ KP CITGGOGPV YKVJ OG UKORN[ DGECWUG KH + GI GZRGEV RWRKNU VQ FQ UWEJ CPF UWEJ
IKXGP VJCV VJG[ DGNKGXG CPF YCPV VJKU CPF VJCV 
DGECWUG + O[UGNH YQWNF VJGP FQ UWEJ CPF
UWEJ + GZRGEV VJG TGCFGT VQ GZRGEV VJG UCOG 1H EQWTUG + FQ PQV OGCP VQ UWIIGUV VJCV VJGTG
KU UQOGVJKPI YTQPI YKVJ VJG TGCFGT KH JG QT UJG FQWDVU RCTVU QH O[ CEEQWPV 1P VJG EQPVTCT[
KV YQWNF RTQXKFG C UVCTVKPI RQKPV HQT C FKUEWUUKQP VJCV CKOU CV CP KORTQXGOGPV QH VJG
FKFCEVKECN UVTWEVWTG
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9 Evaluation of the didactical structure of the
topic of radioactivity
9.1  Introduction
This chapter and the preceding one are two companion chapters in the sense that in this
chapter the didactical structure that has been presented in the previous one is evaluated
in the light of what happened during a couple of series of lessons in which it served as a
guideline.
   This evaluation of the didactical structure has been of a pragmatic and intuitive
nature, like its construction and its presentation in the form of a scenario have been (cf
section 8.7). Like a further worked out version of Davidson's theory of interpretation (cf
appendix 1) promises the possibility of a more explicit justification of a didactical struc-
ture (cf section 8.7), it also promises the possibility of a more explicit evaluation of an
educational process. So if this possibility was realized, I think this would constitute a
progress of educational research methods (or, more generally, of the research methods
in the social sciences). While evaluating an educational process it would enable
researchers to state as explicitly as possible what each of them takes as evidence for,
e.g., a particular interpretation of what happens in the educational process, and
especially so in cases where interpretations diverge. Accordingly, the evaluation would
clearly pinpoint both the points where interpretations diverge and the sources of those
divergences. Moreover, the subsequent process of weighing the pro's and con's of the
various interpretations, in order to reach a shared interpretation or, at least, a meaning-
ful disagreement on the appropriate interpretation, would then also gain in clarity.
   Having said this, let me now also stress the value of presenting a more intuitive and
pragmatic evaluation, as in this chapter. If anything is to stimulate teachers to work with
some didactical structure, for instance, it must be because a presentation of it and/or
how it works in practice appeals to them on an intuitive and pragmatic level. An
evaluation on an explicit level will hardly be of use to them, because that is not the level
on which they will be going to work with it. But also for people who are in principle
interested in an explicit evaluation, and those people are most likely to be found
amongst researchers, it will be useful to first form a prima-facie judgement on the basis
of an evaluation of an intuitive and pragmatic nature. For it is this prima-facie
judgement that largely determines whether or not it makes sense to also study an explicit
evaluation: someone who is not convinced on an intuitive and pragmatic level most
likely will no longer be interested in an explicit evaluation.
In section 9.2 I outline the procedure that has been followed, both with respect to the
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evaluation and with respect to its presentation that is to follow in sections 9.3 to 9.6. In
section 9.7 I close the chapter with a reflection on the outcomes of the evaluation.
9.2 Procedure of the evaluation and its presentation
9.2.1 Procedure of the class observations
The observed classes
The second version of the didactical structure was tried in two classes of pupils from the
middle-ability bands (the so-called MAVO-stream) at the end of the school year '90-'91.
In figure 9.1 a simplified diagram of the Dutch school system is presented (or at least,
as it was at the time) in order to locate the MAVO type of education.
Figure 9.1  Simplified diagram of the Dutch school system
The MAVO-stream takes four years (including the bridge year), is of a general (non-
vocational) kind and of an intermediate ability level. About 40% of Dutch children enter
the MAVO-stream (about 15% the VWO-stream, about 15% the HAVO-stream, and
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about 30% the LBO-stream).
   The school in which the lessons were followed is a medium-sized school (about one
thousand pupils) for MAVO, HAVO and VWO in the city of Utrecht. Both observed
classes were of form 3, which consisted of pupils of about 15 years of age who had
chosen physics as a subject. One class contained 8 pupils, all boys; the other 4 girls and
13 boys. The relatively small size of both classes was rather exceptional. The percentage
of girls who had chosen physics that year was also exceptionally low.
   In the school, the PLON-curriculum is used for physics education. Without going into
the details of the PLON-curriculum (see e.g. Eijkelhof & Kortland, 1988, for more), I
just want to point at two of its features that may have prevented that the series of lessons
on radioactivity were too far out of line with what the pupils were used to. The first
feature concerns the STS-approach of the PLON-curriculum. This means that the pupils
are used to work with units in which physics is related to everyday life -earlier in the
third form they had e.g. worked on the units "Bridges," "Energy at home," "Seeing,"
and "Dealing with electricity." The second feature concerns the variety in classroom
activities that the PLON-curriculum aims to promote. In particular this means that the
pupils are used to working in small groups. In fact, in the series of lessons on radioac-
tivity they do not work as much in small groups as they were used to. This is because in
the other units experiments are normally carried out as group work, whereas in the
series of lessons on radioactivity for safety reasons all the experiments are carried out
(by pupils) as a classical activity. For it is only then that the teacher can supervise what
is going on and, if needed, take immediate action.
The teacher
Each class had three 50-minute lessons of physics per week. The total series of lessons
took 13 periods. Both classes were taught by the same teacher. In fact, by the same
teacher who had also worked with the first version, had been involved in the evaluation
of the first version, and in the construction of the second version. By this close and quite
intensive cooperation with the teacher (on which I will say more in chapter 10), it was
tried to secure as well as possible that the teacher had made himself so familiar with the
second version of the didactical structure -with why, partly on the basis of experiences
with the first version, it was as it was, with the role he had to play in it (and believed he
was able to play), etc- that he would not deviate essentially from it. For only then could
the try-out properly be called an evaluation of the devised didactical structure. The
relatively small size of both classes was also useful in this respect. It allowed the teacher
to concentrate better on the essence of the didactical structure and his role in it, because
he only had to deal with management problems at a fairly small scale. It may
alternatively be said that the small classes provided a good environment for the teacher
to learn to work with the didactical structure.
Activities during the lessons
I was present in both classes throughout the series of lessons. I was not just a passive
spectator, however. I tried to understand what was going on as well as possible, and
made notes of things that struck me or deserved a closer look.
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Furthermore, I tried to be of as much assistance to the teacher as I could. In some cases
I was of assistance because I acted like a second teacher. When the pupils were working
in groups I would, like the teacher, walk around, see how they were doing, help them if
they had some problem, etc. This also had the advantage that I got a fair idea about how
things were going. During class discussions too I tried to understand as well as possible
what was going on, and especially pupils' contributions. Perhaps I was even better able
to do so than the teacher himself, because I did not have to participate in the discussion
and did not have to manage the process. A second way in which I tried to be of
assistance, was by briefly informing the teacher at appropriate times during the lesson
(e.g., when the pupils were working in groups) how things were going according to me.
I would then usually also briefly remind the teacher of things that still needed to be
done, or make some suggestions about how in the following class discussion he could
build on what the pupils were doing in groups, etc. In all this I tried to be as positive as
possible.
   I also took care that in both classes the whole series of lessons was recorded, in the
one class on audiotape and in the other on videotape. The advantage of an audio-
recording is that it lends itself more easily for transcription. The advantage of a video-
recording is that it lends itself for a more accurate transcription because also the non-
verbal aspects can be taken into account. In the class in which audio-recordings were
made, I would for instance have to make additional notes when experiments were
performed. Another advantage of a video-recording is, of course, that it gives a direct
and lively impression of what happened and, as such, is suited to use at e.g. teacher
conferences for illustrative purposes. I tried to let the recordings be as less intrusive as
possible. The camera remained at a fixed position at the back of the classroom, I did not
stand behind the camera for long periods of time, tried to handle the camera as casually
as possible, reduced the camera-handling to a minimum, etc. By keeping a low profile
with respect to my recording activities I hoped, at the one hand, to distract the pupils as
less as possible, while on the other it enabled me to more devote myself to assisting the
teacher in the above senses.
   Another recording activity was that at appropriate times I collected the pupils'
textbooks in order to copy them.
Activities in between the lessons
My activities in between lessons were also directed at being of as much assistance to the
teacher as I could, namely by helping him prepare the next lesson. Part of this assistance
was rather straightforward: I took care that all the material that might be needed the
next lesson would stand ready. This had the advantage that I had to think through what
had to be done the next lesson. I also tried to be of assistance by improving my
understanding of what happened in the lesson just given, in as far as it seemed relevant
for the preparation of the next lesson in the same class or the matching lesson in the
other class. To this end I would, after a lesson was over, look back on it in somewhat
more detail by playing (fragments of) the tape or reading (parts of) the textbook of some
pupils. Again I was in a better position than the teacher to do all this -I simply had more
time for it. On the basis of my looking back on the previous lesson in somewhat more
Evaluation of the didactical structure of the topic of radioactivity
    
183
detail, I would then usually write, and verbally explain, a short piece that the teacher
would use for his further preparation of the next lesson. If the next lesson was one
matching an already given lesson in the other class, I would sometimes indicate some,
usually minor, points where the teacher's role could have been more in line with the
didactical structure. If possible I would illustrate these points by referring to the already
given lesson (e.g., by using a transcript of some fragment), point out why I thought that,
for instance, some feedback of the teacher was not entirely adequate, and discuss with
him how it could have been better (e.g., by using a transcript of some other fragment). I
did not discuss such cases for their own sake, for it was unlikely that identical cases
would occur in the parallel class. I rather used them as concrete cases to further
illustrate the spirit of the didactical structure at. In my short piece for the teacher I
would usually make some suggestions about the way the next lesson might build on what
happened in the previous lesson in the same class (e.g. by using some fragments of
pupils' textbooks), and briefly indicate, as a sort of reminder, the main points of the
piece of the didactical structure that was relevant for the next lesson. My assisting the
teacher in this way in his preparation of the next lesson can thus also be seen as creating
an optimum1) environment for the teacher to work with the didactical structure as
intended, or as creating optimum conditions for the didactical structure to be carried out
as intended and thus for it to be evaluated as it is.
In order to maximally exploit the facts that the series of lessons was given in two classes
and that the experiences in the one class could be positively used to improve the
matching lesson in the other class, the teacher and I had planned the starts of the two
series of lesson in such a way that in the one class a given lesson would always be given
before the matching lesson in the other class.2) Though the teacher would of course do
his very best in the former class, it was expected that in the latter class he would deviate
less from the didactical structure. We selected the smaller-sized class as the one in
which the lessons would be given first. The lessons in this class were recorded on
audiotape, so that I was able to play and, if needed, relatively quickly transcribe
fragments of a lesson, and on that basis to think of some improvements for the matching
lesson in the larger class, wherever I was and whenever I had the time. Given the
intended illustrative use of the video-recordings at e.g. teacher conferences, it seemed
best to record those lessons on video which were expected to best illustrate the didactical
structure and which took place in what comes closest to an average class. For these
reasons the lessons in the larger (though, in fact, still relatively small and not quite
average) class were recorded on videotape.
9.2.2 Procedure of the evaluation
First impressions, gathered during the series of lessons
My starting point for the evaluation of the didactical structure has been that it was near
                                        
1. Of course 'optimum' does not necessarily mean 'good.' The time-table or the hectic school environment
sometimes forced the teacher and me to have our preparatory talks during e.g. lunch breaks.
2. Owing to circumstances beyond our control, as they happen in schools, things did not work out entirely as
planned: in three lessons the order was reversed.
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'good enough' (for the reasons outlined in section 8.7). Taking this as a null hypothesis,
so to say, has had two consequences for my activities during the series of lessons. The
first one has been, as already noted, that I tried to secure that in both classes, but at least
in one class, the teacher would not deviate essentially from the didactical structure. Fur-
thermore, if in some lesson the teacher deviated essentially from the order in activities
suggested by the didactical structure or if his contributions were not quite in the spirit of
the didactical structure, I would talk this over with him as part of the preparation of the
matching lesson in the other class. The second consequence has been that during the
series of lessons I tried to understand what was going on in terms of the didactical
structure. That is, if the order in the tasks was more or less followed as suggested by the
didactical structure and the teacher's contributions were of the sort suggested by the
didactical structure, I would try to interpret what the pupils did say and do as more or
less in line with the sort of things they were, according to the didactical structure,
expected to say and do: the sort of experiments they were expected to think of, the sort
of conclusions they were expected to draw, the sort of questions for further investigation
they were expected to formulate, etc. This also means that already during the series of
lessons I got some fair idea as to whether the sort of things the pupils did say and do
could indeed be interpreted as more or less in line with what they were, according to the
didactical structure, expected to say and do. Since during the series of lessons I did not
have the time or opportunity to intensively study the tapes and pupils' textbooks, this
fair idea could of course not be much more than a first global impression. But this first
global impression was that on the whole the didactical structure seemed good enough,
though there were of course passages where what the pupils did say and do seemed too
far out of line with the sort of things they were expected to say and do.
Further evaluation of the didactical structure
Given that the first impression largely justified the assumption that the didactical
structure was on the whole good enough, the further evaluation, which took place after
the series of lessons, was also based on it. Again this had two consequences. The first
one was that the didactical structure was taken as a mould for the description of the
lessons. That is, to put it schematically: the scenario presented in the preceding chapter
was copied, while the sort of things the pupils were expected to say and do were
replaced by what they actually did say and do (in the form of a literal transcript, a
summarizing paraphrase, or an overview of fragments of pupils' textbooks). The
evaluation then consisted in the pragmatic and intuitive judgement whether the resulting
description made sense. As long as it did, i.e., as long as there were no strong reasons
to doubt an interpretation of what actually happened as more or less in line with the
scenario, the didactical structure was judged 'good enough.' The second consequence
was that also in the cases where the resulting description did not make sense, i.e., where
what the pupils did say and do seemed too far out of line with the sort of things they
were expected to say and do, it was assumed, on the basis of the first impression that
such deviations were not too serious or did not occur too frequent, that there is no
reason to question the main line of the didactical structure. So if e.g. the experiments
the pupils did think of deviated too much from the sort of experiments they were
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expected to think of, it was assumed that, for the reasons given in the didactical
structure, it would still be a proper preparation for the sequel that they carried out the
sort of experiments they were expected to think of (but did not). The evaluation then
consisted in an attempt, on the one hand, to account for the deviation in terms of pupils'
not understanding some task or teacher intervention as intended and, on the other, to
make such adjustments to the didactical structure (e.g. by adding, deleting or
reformulating tasks) that with the adjustments the pupils are expected to think of the sort
of experiments that without the adjustments they did not think of. That is, the evaluation
then consisted in a revision of (fragments of) the didactical structure -in an account of
why the revised version would come out as 'good enough' if it were tried. So throughout
the evaluation of the didactical structure, the didactical structure itself served as an
important tool.
Wouter Moerman and I made the descriptions of the lessons in the way outlined above.
Usually I would produce the skeleton for the description of a lesson, and put what
happened in the smaller class as flesh on it. Moerman would then make a similar
description of what happened in the larger class, based on the same skeleton, my way of
putting flesh on it (with respect to e.g. the form and elaborateness of presenting what
happened), and my instructions to pay special attention to particular passages (e.g.
activities in which, on the basis of preparatory talks during the series of lessons, the
teacher participated somewhat differently than in the smaller class). We would then
discuss these descriptions and, together with the teacher, reach a judgement as to
whether they made sense and, if they did not, think about adjustments to the didactical
structure. I would then usually further think about and work out the adjustments.3)
   As we had done in its construction, also in the evaluation of the didactical structure
we mainly focused on the first two periods: the preparatory period in which a ground
level for the following descriptive level emerges and the transition from this ground
level to a qualitative descriptive level, each of which took about three and a half 50-
minute periods. The extension of the descriptive level in quantitative direction and the
transition from descriptive level to theoretical level, each of which took about three 50-
minute periods, were evaluated more loosely.
Global evaluation: pupils' comments on the series of lessons
One of the major points of constructing a didactical structure as a detailed process of
rational accommodation that pupils themselves, guided by teacher and teaching
materials, are expected to establish and give shape, is to bring about an educational
process that pupils themselves will experience as an internally coherent one with a
certain direction, which in important respects is being driven by their own questions and
over whose progress with respect to content they have some control. So the first impres-
sion that on the whole what happened in the actual process was more or less in line with
the expectations of the didactical structure, also gives rise to the tentative conclusion
                                        
3. Some of this further thinking and working out took place much later and, to some extent, is still going on
today.
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that the pupils will thus have experienced their learning process. And the further, more
detailed, evaluation along the above lines is expected to further substantiate that con-
clusion.
   In order to get some additional information on how the pupils had experienced their
own learning process, they were asked, after the series of lessons was over, to give their
impression of it.
What I think about this unit
Only a few pupils have worked with this unit. We are therefore very curious about
your experiences.
So tell us something about working with this unit. What did you like and what not?
What was good about it and what bad? What would according to you have to be
improved or changed? Did you learn a lot or not that much? What is the most
important thing you have learnt? What did you find unimportant?
Note down below your views about this unit. We will use your comments to improve
it.
This formulation is expected to be broad and open-ended enough to challenge the pupils
to give their general views about working with the unit. If it is, pupils' comments will
serve as part of the global evaluation of the didactical structure.
9.2.3 Procedure of the following report of the evaluation
One way of presenting our evaluation would be to follow a procedure similar to the one
of the previous chapter: to challenge the reader to reach a pragmatic and intuitive
judgement concerning our evaluation, simply by providing the descriptions on which we
have based our evaluation (i.e., the descriptions in which the didactical structure was
taken as a mould). If this procedure was followed here, my expectations about it would
have been similar to what I expected concerning its application in the preceding chapter:
that the reader would have found him- or herself largely in agreement with our evalu-
ation, simply because if we, e.g., had no strong reasons to doubt an interpretation of
what actually happened as more or less in line with the didactical structure, the reader
would not be expected to find such reasons.4)
   I have not chosen for this way of presenting, however, for two reasons. First of all,
the presentation would be too extensive, given that a description of one lesson in one
class along the above lines is about 10 to 15 pages. Secondly, there would be too much
overlap with the preceding chapter, given that the descriptions use the didactical
structure outlined there as a mould.
Instead I have chosen for a presentation of the evaluation of the didactical structure that,
on the whole, is of a global nature and, at some points, is worked out in more detail in
order to illustrate some aspects of the procedure of the evaluation. The global
presentation is some sort of stripped version of the descriptions mentioned above. It also
takes the didactical structure as a skeleton, but does not put much flesh on it. It confines
itself to an anecdotal description of what pupils did say and do. Given my expectation
                                        
4. The same comment as in section 8.7 applies here. Cases in which the reader disagreed with us would provide
a starting point for a further discussion towards an improved evaluation.
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that, when reading the didactical structure as presented in the previous chapter, the
reader has found him- or herself largely in agreement with me (cf section 8.7), I also
expect that just this anecdotal description will suffice to make it plausible for the reader
that there are no strong reasons to doubt an interpretation more or less in line with the
expectations of the didactical structure (and even more so because I have also taken into
account the comments of the people who have read the previous chapter and earlier
versions of this chapter). But a reader who has judged the presentation of the didactical
structure in the previous chapter as not very convincing, will certainly not get convinced
by the global presentation of its evaluation in this chapter. So be it.
   An aspect of the procedure of the evaluation that at some points is worked out in more
detail, concerns the evaluation of cases where what the pupils did say and do seemed too
far out of line with the sort of things they were expected to say and do. I have already
mentioned that in such cases the evaluation consisted, on the one hand, in an account of
the deviation in terms of pupils' not understanding some task or teacher intervention as
intended and, on the other, in a revision of (fragments of) the didactical structure and an
account of why the revised version would come out as 'good enough' if it were tried.
Some examples are given of such revisions. If possible, I will also briefly indicate
whether the revised fragments did indeed seem to come out as 'good enough.' For some
of the revisions were incorporated before the series of lessons were given in the
subsequent school year ('91-'92). I also attended those series of lessons. Although I did
not follow them that closely (I just made notes during the lessons and copied some
fragments of pupils' textbooks), I did pay special attention to the revised parts.
In order to clearly bring forward that the below presentation of the evaluation of the
didactical structure takes the didactical structure as a skeleton, the below division in
(sub)sections corresponds to the one of the preceding chapter. Section 9.3 concerns the
evaluation of the preparatory period and corresponds to section 8.3. Section 9.4
concerns the evaluation of the transition from ground level to qualitative descriptive
level and corresponds to section 8.4. I have tried to reduce an overlap with the preced-
ing chapter as much as possible, which implies, I think, that sections 9.3 and 9.4 cannot
be read without the corresponding sections in chapter 8. In section 9.5 I briefly go into
the extension of the descriptive level in quantitative direction and the transition from
descriptive level to theoretical level, but mainly to say why I have not felt a need for a
further evaluation of these parts. In section 9.6 I report pupils' general views about the
unit.
9.3  The emergence of a ground level
9.3.1 A global outlook
Some of the things the pupils had written down as, according to them, having got to do
with radioactivity were: X-ray apparatus; nuclear power station; Chernobyl; radiation of
negative atoms; radiation treatment; radioactive waste; nuclear weapons; poisoned
vegetables; lead; radiation danger. This selection may serve to illustrate that their
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answers indeed enabled the teacher to give a global outlook on the sort of subjects that
would be treated further on in the series of lessons. Furthermore, given also that on
average each pupil had noted down about four things in just a couple of minutes, it may
be concluded that the concept 'has got to do with radioactivity' served well as a lead to
get them thinking about the topic and to bring forward a rich enough variety.
9.3.2 Coming to agree on a specific use of the term 'is radioactive'
Coming to feel a need for a criterion of being radioactive
In the next task the groups were asked to decide of some objects that the teacher brought
into the classroom whether or not it has got to do with radioactivity. Let me now first
give an example of a change that, on the basis of experiences in the smaller class, I
proposed as part of the preparation of the matching lesson in the larger class -in this
case, a minor change concerning the organization of the task just mentioned. It turned
out that in the smaller class, partly because of its small size but also because the objects
were placed close together, the pupils went up to all the objects more or less as one
group. As a result the class discussion which was to follow the group work partly
coincided with the group work, and this in turn made it difficult for the teacher to start
the discussion as something new and to give it its own point. Furthermore, the teacher
was in too much a hurry in that he started the discussion before the pupils had properly
finished the group work.
   So I proposed to scatter the objects more evenly along the sides of the classroom in
order to prevent too much interaction between the groups during the group work. This
would then also more clearly separate the group work from the following class
discussion. Furthermore, I proposed to not begin the class discussion before the pupils
had finished the group work, if only because the discussion would not make much sense
if they had not. Finally, the fact that the group work took more time than the teacher
had expected was not due to fooling around of the groups or something like that. It
simply takes quite some time (about a quarter of an hour) for the groups to go up to all
ten objects, to get to know some of them a bit better (e.g. the X-ray machine by X-
raying a wallet), discuss whether they have got to do with radioactivity, to fill in the
table, etc. So they should be given that time.
I will now give an overview of the group work on the above mentioned task, partly on
the basis of fragments of discussions during the group work but mostly on the basis of
what the pupils had written down in their textbooks.
   All groups were able to reach agreement on most of the objects. Some groups were
not able to do so on one or two objects. One group, for instance, had already agreed that
the laser has got to do with radioactivity because a laser beam is very strong, but it
remained divided on the remote control. There was agreement on the fact that it emits
infrared rays, but disagreement over the issue whether those rays are strong enough.
When the group called in the teacher for help, his feedback was appropriate. For he did
not try to settle the disagreement, but simply informed whether the group was in
agreement on the other objects. And since it was, the teacher said that for the time being
he did not mind that for one item different group members would note down different
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answers. The laser or the battery were also objects on which there was disagreement
within some groups.
   During the group work some pupils explicitly stated that they had difficulties with
saying why an object does or does not have got to do with radioactivity, e.g.: "X-ray
machine, yes. But how to say... I just don't know what to write down." The same
difficulty may also be the source of some rather superficial exchanges of 'argument,' in
which the power of persuasion derived from the force of the used words rather than
from the cogency of some argument, as e.g. in the following brief exchange: "The
answer is 'yes,' of course. Really, a lot of radiation does get out of it." "No way."
"No?" The difficulty is very likely also the cause of the fact that some entries in the
third column (the 'because'-column) of the table were left blank. In about one third of
the cases in which a 'no'-answer was given, for instance, this answer was no further
explained.
I hope this makes sufficiently plausible that during the group work on this task the sort
of things did happen that according to the didactical structure were expected to happen
and that would make for a proper preparation of the following group discussion. But
before going into that group discussion, I first give some examples of 'because'-answers
in which terms like 'radiation,' 'radioactivity,' 'contamination,' etc are used, if only to
illustrate that indeed they are used. Some 'because'-answers are of a 'radiation* is (is
not) released'-type, e.g.: "radiation is released;" "infrared rays come out of it;" "it
doesn't radiate anything;" "radioactivity is released;" "irradiated, and because of that it
radiates a radiation;" "if it falls to pieces, radiation will be released." Others are of a
'has (has not) stood in radiation*'-type, e.g.: "is radioactively irradiated;" "is not
irradiated;" "a radioactively irradiated person has worn it"; "it has been exposed to
radiation." Still others are of a 'does (does not) contain radiation*'-type, e.g.: "there is
no radioactivity inside it;" "it has sucked up radioactivity;" "it most likely is
radioactively contaminated;" "it is full of radioactivity;" "it has no radiation;" "is
radioactive." Together these types of 'because'-answers make up about half of the
explanatory remarks.
Let me briefly mention that the discussion of the task in which, among other things, the
pupils were asked to name two objects that both have got to do with radioactivity but
have got to do so in a different way, as expected allowed the teacher to point at the use
of a more specialized concept than 'has got to do with radioactivity' and to propose to
express that concept by means of the term 'is radioactive.' Some of pupils' answers on
which the teacher could build were as expected, e.g.: "articles and stones, because the
one has radiation and the other not." But the difference between the two concepts
sometimes also came forward in unexpected (though equally useful) ways. One group
e.g. found that the bathroom tile, though not itself radioactive, still has got to do with
radioactivity because it could be used as a shield "against radiation."
   The discussion then preceded with a blackboard inventory of the number of 'yes'-,
'no'- and 'don't know'-answers, not to an objects's having got to do with radioactivity,
but to its being radioactive. The below table is a result of such a stock-taking (a number
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represents the number of groups that has given a particular answer).
is radioactive
yes no don't know
Chernobyl shoe 7 0 0
jar with stones 7 0 0
X-ray machine 7 0 0
light bulb 0 7 0
articles 0 7 0
battery 0 7 0
bathroom tile 0 7 0
gas mantle 0 6 1
laser 4 3 0
remote control 3 3 1
Of course this table is just the result of a stock-taking in one class. In other classes the
result was somewhat different. But also in the other classes the result was such that it
properly set the stage for the sequel: there was (almost) complete agreement on the
majority of objects; on two or three objects the groups were divided.
The agreement on the majority of objects enabled the teacher to compliment the pupils;
the division on some of the objects set the stage to go into some arguments (also
concerning the objects on which there was agreement). Below are examples of that. The
first one concerns the remote control.
Jeremy: Well, a ray of infrared comes out there, doesn't it. Well, there most
likely is radiation inside.
Iris: Yes, so what?
Teacher: Radiation comes off. You find that important, don't you. Then you
surely will have filled in 'yes' for the laser too?
Jeremy: Yes.
Teacher: And for the lamp too?
Jeremy: No, not for that.
Several pupils: But there also comes radiation out of that.
The next example concerns the stones in the jar, of which some pupils said that they are
radioactive: "you can read that, can't you;" "there is a sticker with that sign on it."
Teacher: So we think they are, because there is a sticker on the jar?
Melvin: Yes, but a sticker like that can be stuck on everything.
[...]
Lawrence: Yes, but there a great dose can be... there is a lot of radiation on them.
Melvin: Can you tell that?
Lawrence: What?
Melvin: That it is like that.
Lawrence: Otherwise they wouldn't be in a glass jar.
Melvin: But it does go right through, doesn't it, through glass.
Several pupils: Yes.
As expected, such going into the arguments did never lead to mutual agreement on the
objects on which the groups were divided, while it did lead to situations like the ones
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exemplified above, in which, guided by the teacher, pupils began to question each
other's arguments. So what was to provide the pupils with a sensible reason for wanting
an objective and verifiable criterion to determine whether or not an object is radioactive
did indeed happen: they were in agreement concerning the majority of objects, and
although it should be possible to reach agreement on all objects, they did not manage to
do so and did not really have the proper arguments to do so.5) Before going into the
indications whether indeed the pupils were open for such a criterion, I want to link up
with the latter fragment in order to indicate how the 'questions we still have to find an
answer to' may naturally be brought into play. For the discussion in that fragment boiled
down to the question whether or not it (which the pupils later specified to 'radioactive
radiation') does go right through glass. Since the pupils disagreed on the issue, and since
the question could not be meaningfully answered at the time, storing the question in, as
the teacher had called it, "the memory of the textbook" was the appropriate way to close
the discussion in a meaningful way: the issue would be treated further on. In the other
class a similar kind of question was noted down in the 'questions we still have to find an
answer to'-part of the summary, when some pupils could not believe that the shoe was
really worn by someone who had been near Chernobyl at the time of the accident
because the shoe was only covered by a plastic bag and "it would go right through that,
wouldn't it."
In the account of the didactical structure I have noted that a minimal form of pupils'
being open for an objective and verifiable criterion to determine whether or not an
object is radioactive would be their seeing the point of, and therefore being prepared to
work on, the next task, in which they are asked to find out of some meters whether these
provide the desired criterion. On this minimal form I will come back presently. In both
classes, however, pupils' being open, or at least some pupils' being open, also took the
form of their bringing forward, with some help of the teacher, the idea of a meter.
During the exchange of arguments the teacher, at first rather casually but towards the
end more persistently, said things like "I really think it's a nuisance that we can't come
to an agreement" and "Don't you think there must be a method by means of which we
can reach an agreement?" At first the pupils would not react or just make a brief
suggestion, e.g.: "Investigate." Later on they would then bring forward the idea of a
meter, e.g.:
Teacher: On a couple of things we do now fully agree. And with these I heard
again and again: ah, there is a sticker on it. So one could say: when
there is a sticker on it, it is radioactive. Is it true what I'm saying now?
?: Yes.
Lawrence: If there is a sticker like that on it.
Melvin: If you have to believe the sticker.
Teacher: If you have to believe the sticker and if there is a sticker like that on it
[...], then it is radioactive. Yes. Is there another way in which we
could find out whether it is radioactive?
                                        
5. It can thus also be said that there was sufficient variation among the objects that were present in the
classroom, in the sense explicated in section 8.3.2.
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Lawrence: Yes, with such a device.
Melvin: You can measure it, can't you.
Lawrence: Yeah, such a measuring device.
In the other class too several pupils suggested the idea of a meter, e.g.: "with that thing,
with a meter that squeaks, I really don't know how such a thing is called." Also some
other suggestions were, half-jokingly, put forward: "look it up in an encyclopedia;"
"send it to a laboratory." Such responses allow a straightforward response, of course:
how have the people who have written the encyclopedia found out or how would the
people in the laboratory find out?
Coming to find a criterion of being radioactive
The pupils were, without any noticeable unwillingness but rather with some enthusiasm,
prepared to work on the task in which they were asked to find out of some meters
whether these provide the desired criterion. I have already noted that their being
prepared, without reluctance, to work on the task is prepared by the preceding, in which
the point of the task has, at least implicitly, emerged: there is a need for an objective
and verifiable criterion, because their own 'criteria' were not very convincing and at any
rate did not enable them to reach agreement on all objects; some sort of device promises
to yield the desired criterion. In both classes these reasons for doing the task remained
implicit. In the smaller class, the task was done towards the end of the first lesson.
Therefore I think it was quite alright that no attempt was made to let the pupils, before
going to work on the task, explicitly bring forward their reasons for going to work on it:
it simply would have taken the momentum out of the lesson. In the larger class,
however, the first lesson ended, after pupils' suggestion that some sort of device might
be of help to decide whether something is radioactive or not, with the teacher's
concluding remark that the next lesson this suggestion would be followed by letting
them check of some meters whether these are radioactivity-meters. So the beginning of
the second lesson in the larger class would have been an appropriate time for the teacher
to challenge the pupils to bring forward their reasons for the next task, e.g.: I have
already noted that next you are going to check of some meters whether these are
radioactivity-meters, but why is it that you are going to do this? This was not done,
however. In fact, I now take it as a shortcoming of the didactical structure that it does
not point out that, apart from the end of a chapter, there are other appropriate stages
(e.g. the beginning or end of a lesson) to let pupils globally look back on what has
happened and, on the basis of that, explicitly state the reasons for what is going to
happen next.
Let me return to the task itself. I guess that some of the groups' enthusiasm derives from
the puzzle-character of the task. Furthermore, the groups had no difficulties in finding
out which meters will do as radioactivity-meters and they did find that out in the
expected ways: hold a meter near objects that almost certainly are radioactive (e.g.: "it
did not react in the X-ray machine"), or almost certainly are not radioactive (e.g.: "it
reacts if you hold your hand against it"); simply note that a meter seems to react to
something else (e.g.: "when we got the meter in our hands we at once saw that it reacted
only to light; just to be sure we also held the meter near radioactive objects and it did
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not react at all to them"). Since one of the Geiger counters produced rather sharp
squeaks, it was also unavoidable that there were interactions between groups. So when
one group held this counter near e.g. the jar with stones, there would usually be several
reactions from pupils of other groups, e.g.: "That's the one, no doubt;" "Hey, that
surely is one;" "Hey, put it in the X-ray machine." There would also be several wows
and supers (the native speaker of English may replace them by their modern equival-
ents), especially when a Geiger counter was put in the X-ray machine and the machine
switched on: the counter then not just ticked or squeaked, but rather whistled.
Furthermore, there were already some signs that the meters identified as radioactivity-
meters were accepted as such. When in one group the pupils had found out that the
meter they were carrying was a radioactivity-meter, the meter was e.g. held near a pupil
who had taken the jar with stones in his hands. When the meter did not squeak, it was
concluded: "it has already come off."
In the next task the pupils again had to fill in a table, which differs from the earlier one
in the sense that it uses the more specialized concept 'is radioactive' and demands for a
way of telling whether or not something is radioactive that is guaranteed to lead to the
desired mutual agreement. This task too did not pose great difficulties to the pupils.
When the teacher e.g. reminded the pupils that they also had to do this task, some pupils
immediately said: "But then we will have to use a meter." Furthermore, all the groups
did indeed use a meter that had just been identified as a radioactivity-meter. And the
'because-answers' in the third column were all of the 'it does (does not) squeak'-type. In
one group the pupils did not go round to all the objects together but let one pupil do it,
who afterwards had to report the results to the rest of the group. When this pupil
reported that the bathroom tile was radioactive, the rest found this hard to believe: "No?
That tile?" The issue was immediately settled by the reporter, however: "Oh yes, that
tile. Went really ee-ee-ee. [Imitates one of the counters, and then calls a pupil who at
the time carries a radioactivity-meter.] Aaron, have you already got round to that tile or
not? Where's that tile? Yeah, try the tile, will you. [Aaron holds the meter near the tile,
and the meter squeaks.]" The acceptance of the radioactivity-meters can further be
illustrated by the fact that in both classes several pupils asked (expected) questions such
as: "Why is it that the gas mantle is radioactive?", which were stored in the summary.
In the class discussion of the preceding tasks, the pupils were indeed able to bring
forward the main points. When discussing the table, for instance, the teacher acted more
and more enthusiastically ("Up to now we are well on our way to... and again we are in
agreement... great"), and then closed as follows:
Teacher: We are agreed. That's fantastic. But why are we now in agreement?
Why?
Peter: Because we have measured it. Because of the fact.
Several pupils: Yeah.
?: Yes, you measure it.
Teacher: So, something is radioactive... what could follow that? Something is
radioactive if...?
Peter: It is measured.
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Melvin: If it reacts near it, a Geiger counter.
Somewhere in the discussion the teacher also managed to make the pupils bring forward
the special position of the X-ray machine, in the sense that it can be switched on and
off. In both classes also some additional questions concerning the X-ray machine came
forward (some of which were stored in the summary), e.g.: "If you had held your hand
inside, then you would have to be radioactive, wouldn't you" (and another pupils added:
"Yes, that's why they wear those protective clothes"); "Can you get something from it?"
A slight modification
Concerning the modification of the agreement to something like 'we call an object
radioactive if in its vicinity a Geiger counters starts ticking at a more than normal rate,'
I just want to remark that it is essential, or at least very handy, to take care that during
the above discussion it is indeed established that a Geiger counter has a 'normal'
(background) ticking rate. For in the smaller class the teacher had forgotten to do so,
and consequently had to do so when in the next task the pupils measured nearby and
some distance away from a radioactive object. For the pupils this was an inconvenient
and rather ad hoc interruption of the task, which lead to some confusion. In the larger
class the fact that Geiger counters have a normal background ticking rate had already
been established before they were going to work on the task. When in that class the
pupils measured some distance away from a radioactive object they concluded that one
no longer notices anything from it. In fact, when the teacher objected that the counter
still ticked, the immediate answer was: "Yes, but that is normal."
9.3.3 Standing in the radiation that is emitted by a radioactive object
In the next task it was tried to make the pupils measure with a Geiger counter nearby
and some distance away from a radioactive object, by asking them whether the
radioactive things in the classroom are giving trouble to the pupils sitting nearby and
some distance away. In section 8.3.3 I have already expressed my doubts as to whether
this question, given its rather unspecific formulation, will indeed make them measure
nearby and some distance away from a radioactive object. It turned out that in both
classes my grounds for the doubts were justified. The following fragment may illustrate
this.
Teacher: Have we got it? Melvin too?
Melvin: Yeah, but still... I think it's a stupid question. You may very well
measure whether someone... whether it will squeak or not, but then
you still won't know whether it's giving you trouble.
?: Yes, you still don't know whether it makes you ill.
Melvin: Yes, then you would have to lock up someone for three months near...
make a lot of those pictures and then see whether all at once he gets
green hair. [Laughter]
Several groups had also proposed an experiment of the following kind: "You put 1
person some distance away and 1 person nearby an irradiated object and ask how they
feel." The result was that in both classes the teacher had to go through the unnecessary
trouble of bending such proposals to the proposal to measure nearby and some distance
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away from a radioactive object, which was of course unsatisfactory for the groups who
had made such proposals.
In order to prevent this it seemed useful to adjust the didactical structure and, according
to the strategy outlined in section 9.2.2, to do so on the assumption that for the reasons
given in the didactical structure it would still be a proper preparation for the sequel that
the pupils measured nearby and some distance away from a radioactive object. In fact,
what this measurement had to prepare was, on the one hand, that pupils explicitly linked
radioactive objects to the radiation they emit and, on the other, brought forward that a
Geiger counter measures the emitted radiation. The adjustment that was made consists in
the deletion of section 1-3 (Does it bother you that there are radioactive things in the
classroom?), and its replacement by the below task (as part of section 1-2 of the
textbook).
Nearby and some distance away
Last year Lara walked away from a gas mantle with a radioactivity-meter in her hand.
a Do as Lara did. That is, walk away from a gas mantle with a radioactivity-meter.
Note down below what happens.
b Lara's conclusion was: "If you are far enough away from it, the gas mantle is no
longer radioactive."
Do you agree with Lara? Yes / no
Answer part c only when your answer is "no."
c You do not agree with Lara. What is your conclusion?
Since in this formulation it is rather straightforwardly asked to measure nearby and some
distance away from a radioactive object, the sort of problems mentioned above are not
expected. Furthermore, it is, as it was, expected to be intuitively clear to the pupils that
the objects's being radioactive cannot be affected by walking away from it.
   These expectations did indeed come out the next year, when the textbook contained
this new task. Some answers that were then given to the a-part are: "the farther away
you go from it, the less the counter ticks;" "nearby it does tick, far away it ticks once in
a while as it normally does." Furthermore, none of the groups agreed with Lara: "the
meter is simply too far away from it in order to be able to measure something (the
remote control does not work either if you stand too far away from the tv), but the gas
mantle simply is still radioactive;" "the radiation fades after such and such meter;" "the
farther away you walk from the object the less rays you catch;" "the gas mantle remains
radioactive, it's just that the radiation becomes less the farther you move away from the
radioactive source."
   In the two classes that were observed in more detail, the teacher eventually managed
to lead the discussion towards such conclusions. But the road towards it had lots of
unnecessary bends and was, for the pupils, initially just a sidetrack -i.e., it took the
teacher quite some time to make it clear to the pupils that what they thought of as a
distracting sidetrack was indeed the main road he wanted to be on.
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9.3.4 Coming to recognize a problem in a particular way
Creating a classroom-situation in which pupils can act guided by what they already
know
A first thing to note is that in the discussion of the previous task (the last task of chapter
1 of pupils' textbook) quite unexpectedly one pupil made a link with what was going to
happen in the course of chapter 2. To be more precise, after in the smaller class it was
eventually concluded that "radiation does not reach far enough to measure it at a large
distance," one pupil proposed a kind of experiment that later in chapter 2, after they had
build their 'nuclear power station,' the pupils were expected to carry out: "Yes, but sir,
if for instance... well, if we rather had taken that shoe and had taken off that plastic bag
and then... for instance wind machine, then that radioactive radiation would in fact have
reached that device." Now, indeed, there is this link, but I simply had not expected that
pupils themselves would bring it forward at this stage -as, in fact, most pupils did not.
But the fact that it was brought forward, if only by one pupil, was of course just the
better. It will have contributed to an increased appreciation of the coherence between
the various activities by the pupils -not only by the one pupil who had made the remark,
but also by all his classmates who saw the point of his remark. At any rate it allowed the
teacher to point at the coherence: "I think you are so... he is so eager to know it... You
know what? We are going to talk about it today." In the larger class, the teacher had to
introduce the topic of chapter 2 by linking up with the preceding in a more global way:
in the global outlook nuclear power stations and accidents with them had been
mentioned by the pupils.
The building of the small scale 'nuclear power station' proceeded more or less as
expected. In both classes the analogy between the classroom situation and a real nuclear
power station was accepted in the sense that in both situations there is radioactive
material that has to be insulated (which is the word that most groups used) in such a way
that outside no radiation is measured. Lead was mentioned most often as an insulation
material that is used in real nuclear power stations. Some pupils, however, also kept an
open eye for the purpose of real power stations and noted that lead should not be applied
too close to the radioactive material, because "an enormous amount of heat is released,
isn't it" and "lead has a low melting point." Other materials that were mentioned are
concrete and graphite (of which some pupils knew that it was dumped on the power
station in Chernobyl after the accident). The fact that a few groups also mentioned
materials like polystyrene foam and foam rubber seems to be triggered by their
knowledge about insulation materials in general.
   In their building plans all groups wanted to insulate the stones. Again, lead was
mentioned most often, but also bricks and, again, polystyrene foam and foam rubber.
Some groups had also written in their plan to measure with a Geiger counter. But also
the other groups must have had this in mind. For when the plans were carried out, a
Geiger counter was always used, without further comment by anyone (this is again a
clue that the pupils accepted the agreed criterion to establish whether or not something
stands in the radiation emitted by some radioactive object). When the plans were carried
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out, a little figure was used to represent the people living in the neighbourhood of the
'power station.'
   By carrying out the various building plans, testing the various suggested materials etc,
both classes managed to build a 'nuclear power station' that satisfactorily met the
requirement that outside no radiation could be measured, e.g.: a 'power station' in
which the radioactive stones were first shielded by some layers of lead which in turn
were surrounded by some bricks. The conclusions were accordingly, e.g.: "the thicker
you wrap it up with the right materials, the less radiation gets through;" "lead and stone
break down radioactive radiation."
Coming to recognize the problem by acting in the classroom-situation
Subsequently the teacher focused pupils' attention on the theme of section 2-3 of the
textbook (Accidents with nuclear power plants), usually by pointing out that while they
now have built a 'power station' such that outside no radiation is measured, there have
occurred accidents with nuclear power stations such that quite some distance away
radiation could be measured. If possible, the teacher also linked up with earlier remarks
of pupils, e.g. the one that "if we rather had taken that shoe and had taken off that
plastic bag and then... for instance wind machine, then that radioactive radiation would
in fact have reached that device," or the remark that a pupils made towards the end of
the 'building'-task: "Does that radiation... all that radiation, does it have a velocity or
something like that? Just like... when that nuclear power station in Chernobyl exploded,
it took some time before it was in the Netherlands."
After reading some further information on the Chernobyl accident, the groups were then
set to work on tasks 5 and 6, in which they were asked to say how it could have come
about that after the accident more radiation than normal was measured in the
Netherlands and that some fresh products had become radioactive (tasks 5a and 5b,
respectively), and to devise plans to bring about similar such consequences with the
material present in the classroom (tasks 6a and 6b). In devising such plans, the groups
indeed seemed to be guided by what they knew about the Chernobyl accident (as the
below examples may illustrate). Furthermore, most answers could be interpreted as
being of the following kind: because of the explosion in the power station some
radiation* escaped; the wind carried some of the radiation* towards the Netherlands; the
fresh vegetables came to contain radiation*, etc. An example of an answer that may be
thus interpreted is the next one (of Julius' group).
5a: the wind and the rain had carried the radioactive radiation along
5b: the radioactive radiation was inside the rain, which came on the vegetables and on
the grass
6a: then the reactor would have to be open and there would have to be wind towards
that direction
6b: lay the apple up against it, or spray radioactive water into the apple
I thus take the proposal to "lay the apple up against it [one of the radioactive stones]" as
one to make the apple contain radiation*. I feel strengthened in this because later on one
of the pupils in this group added: "I've got something else: in that X-ray machine." In
line with this interpretation I understand the group's "radioactive water" as 'water
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containing radiation*,' just like there was "radioactive radiation inside the rain." When
asked how to make "radioactive water," I thus expected that the group's answer would
be to lay a radioactive stone up against a beaker of water or to place the beaker in the X-
ray machine.6)     Some answers, however, seem to require a different interpretation, as
e.g. the next one (of Luke's group).
5a: the radiation dust particles is carried along with the wind and towards the Nether-
lands. or with water. (the dust particles are radioactive)
5b: because the wind has been in the vegetables and grass. the cows eat grass so
radioactive milk and radioactive vegetables
6a: make a considerable hole in the wall that is close enough to the radioactive source
and then produce a strong wind towards the Netherlands
6b: cut the apple in two and make a hollow and close it. (put the source inside)
As the deletion in the first answer may illustrate, this group had actually discussed
whether it is radiation or something else that is blown towards the Netherlands by the
wind. The result of this discussion was that, since the wind had played an important role
and radiation, like light, cannot be blown, it must have been "dust particles [that] are
radioactive" that were carried along. So I take this group's proposal to "make a
considerable hole in the wall" and to "produce a strong wind towards the Netherlands"
as different from Julius' group's proposal that "the reactor would have to be open and
there would have to be wind towards that direction." I expected that, whereas for Julius'
group it would be sufficient to make a hole and produce some wind, for Luke's group it
would also be necessary that particles of the radioactive source itself are able to escape
(and that it is for this reason that the group wants a hole in the wall that is "close enough
to the radioactive source").
The above already illustrates that it is not always clear, from the groups' written
proposals, precisely what experiments they want to carry out, and perhaps the groups
themselves were not always clear about that either. How, for instance, does Julius'
group think to come by "radioactive water?"; is there indeed any special reason why
Luke's group wants the hole in the wall to be "close enough to the radioactive source?";
and how does the group that proposed to "contaminate chalk dust with radioactivity and
blow that towards the other side of the classroom with a wind machine" think to
"contaminate chalk dust with radioactivity?"
   For the time being (i.e., while the groups are working on tasks 5 and 6) such
unclarities do not matter very much because, and this brings forward the importance of
letting the groups both devise and carry out their own experiments: they will naturally
get resolved when the groups are going to carry out their proposals. For then it is in
doing what it is doing that e.g. Julius' group will make clear how to come by
"radioactive water," or at any rate the group will then be forced to further think about
how "radioactive water" can be come by. All that matters for the time being is that from
the groups' written proposals the teacher, despite some uncertainties with respect to the
                                        
6. If this interpretation is correct, it once more shows that both the a- and b-part of task 6 are required in order
that the groups in carrying out their proposals come to appreciate the central problem in the right way (cf
sections 7.4.3 and 8.3.4).
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details, gets a fair idea about the sort of experiments that the groups want to carry out
and about ways to deal with the remaining unclarities. As it was part of my activities
during and in between lessons to help the teacher get this fair idea, I can tell that pupils'
written proposals indeed served well to get it. At an appropriate time (sometimes during
a lesson, sometimes as part of the preparation of the next lesson) the teacher and I took
stock of the sorts of proposed experiments, discussed an appropriate order to carry them
out, thought about additions that might be suggested by some groups, etc. I then also
pointed at cases where tolerance with respect to pupils' use of expressions would be
required and cases where the teacher might demand some discipline in their use of
expressions. Tolerance is e.g. required concerning the use of the expression 'to contami-
nate' by the group that wanted to "contaminate chalk dust with radioactivity" -in
particular, it should not be assumed that the group uses the expression as a physicist
does. The tolerance may, as already noted above, take the form of simply letting the
pupils act, i.e., letting them do something that for them is an instance of 'contaminating
chalk dust with radioactivity' or letting them say in somewhat more detail what action
would for them be an instance of 'contaminating chalk dust with radioactivity.'
Discipline may be demanded with respect to expressions on the shared use of which the
pupils have already agreed, in particular the expression 'is radioactive.' So if e.g.
Julius' group has done what it thinks had to be done to make some water radioactive, the
teacher may, if the pupils themselves have not already done so, very well ask to check
whether the water has indeed become radioactive in the agreed sense.
Concerning the carrying out of the proposals, I first want to make the general note that
it had struck both the teacher and me how very involved most pupils were (and other
people also got this impression from watching the videotape). Not only had the groups
together produced a rich variety of proposals, but they also followed the various
experiments intensively (and not just the ones they themselves had proposed). The group
that was carrying out an experiment was sometimes literally directed by the spectators to
try this or that. Lots of suggestions for additional experiments were made -some groups
were in fact still busy trying out all sorts of things well after the lesson was over. Pupils
quieted each other down to be able to listen whether the counter would tick, etc.
   All this was very positive, of course, but at the same time it raised a management
problem for the teacher: how to deal with it all, how to put and keep the whole thing on
the right lines? In the smaller class the teacher did not properly handle this management
problem. What went wrong, paradoxically as it may sound, is that the teacher was too
involved and got too much carried away by it all. For what happened after the various
proposals were listed, was that the list was hardly given attention (and as a consequence
several proposals were not carried out). Rather almost every additional proposal that the
pupils made was instantly followed, sometimes even before the original proposal was
thoroughly carried out. As a consequence hardly any conclusions were explicitly drawn.
In particular, conclusions that according to the didactical structure would serve as inter-
mediate steps in pupils' coming to appreciate in the intended way the general problem
under which conditions an action does or does not lead to an object's becoming radioac-
tive (cf section 8.4.1) remained implicit, and thus also the problem itself. I might say
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that the teacher's emphasis was not so much on problem-posing but rather, and more
and more so, on problem-solving. Instead of first taking care that the general problem
clearly came forward, he rather wanted to pull the specific solutions to tasks 6a and 6b
out of the pupils. As a consequence the teacher more and more took over and even
began to propose and direct some experiments himself. After the lesson the teacher
himself indicated to be dissatisfied over this, when he said that he had tried to pull too
much out of the pupils too soon (in ten Voorde's terms: his anticipation tension had been
too high; cf section 7.4.3).
   As part of the preparation of the matching lesson in the larger class the teacher and I
talked over possible means to properly handle the management problem in the spirit of
the didactical structure. The main point was that the teacher's control should be of a
procedural nature: he should not so much make contributions with respect to content,
but provide the opportunities for an ordered process in which the groups can do what
they want to do as long as it is clear to everybody what is going to be done. Some
concrete points the teacher and I agreed on were:
- list all the proposals (on the blackboard);
- think of an appropriate order to let them be carried out;
- stick to this list;
- make sure everybody knows which experiment is carried out and why (let, if
necessary, the group that is going to carry out give a further explanation to the rest);
- try to so arrange it such that most groups get to carry out an experiment;
- take notice of suggestions for additional experiments, but do not instantly follow them
(think of an appropriate time to let them be carried out; if necessary, add them to the
list on the blackboard; when it is going to be carried out, make sure that everybody
knows why; etc);
- build in a break at the end of each performed experiment, during which the pupils are
to briefly note down what experiment has just been performed and what has happened.
In the larger class the teacher managed (as he himself said after the lesson: by making a
very conscious effort) to keep a low profile with respect to content and to mainly focus
on procedural control along the above lines.
I have already mentioned that in all observed classes the groups had together produced a
rich variety of proposals: break their 'power station;' cause a draught from 'Chernobyl'
towards 'the Netherlands;' make it 'rain' above 'the Netherlands;' lay the apple up
against a radioactive stone for a while; put the apple in the X-ray machine; put one of
the stones inside the apple, etc. Furthermore, a Geiger counter was always self-
evidently used to check whether their plans did indeed bring about what they were asked
to bring about -whether as a result of their actions it did start ticking at a more than
normal rate in 'the Netherlands' or near the apple. Moreover, the Geiger counter was
accepted as an arbitrator: if it clearly did not start ticking at a more than normal rate
near e.g. the apple, the apple had not become radioactive.
   Usually also several suggestions for additional experiments were made, which were
triggered by the results of those experiments. In fact, in some classes some of the above
mentioned proposals were only brought forward after earlier proposals had not lead to
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the desired outcome. In one class, for instance, after an experiment had been performed
that pupils described as something like "power station broken, fan on" and on whose
result they noted down something like "nothing happened at all" or "nothing happened
to the amount of radiation in the Netherlands," it was then proposed to also make it
'rain' (by sprinkling some water) above 'the Netherlands.' And sometimes the experi-
ment that was concluded with something like "put the apple near a radioactive stone 6 it
doesn't work, it doesn't become radioactive," was then followed by a suggestion to put
the apple in the X-ray machine. But also some new suggestions were made. After the
brief reflection on the previous experiment (e.g.: "apple in X-ray, not radioactive"), in
one class it was proposed to first cut the apple in two and then put it in the X-ray
machine. Probably all such additions were made for the reason to now bring about the
desired outcome, which the previous proposals had not produced.
   In some classes even more experiments could have been done than actually had been
done. After several experiments on the apple had been performed, which were all of the
'making an apple stand in radiation'-kind, one pupil e.g. concluded that "an apple is a
kind of fruit that cannot become radioactive." If this conclusion had not been passed, it
would quite naturally have given rise to the proposal to find out whether, by applying
the same sorts of method that did not make the apple radioactive, other kinds of fruit or,
more generally, other objects than apples can in fact be made radioactive. It might have
been useful that this proposal had actually been carried out. For it would then have been
found that also the other objects cannot be made radioactive by applying the same sorts
of method. And since it obviously is absurd to conclude that no objects can be made
radioactive, it would then have been natural to try to account for the failures in terms of
something in the applied methods and to look for something that the applied methods
have in common. The following might thus more easily have come forward: the
recognition that the applied methods were all of the type 'making an object stand in
radiation,' and the formulation of the general statement that something cannot be made
radioactive by making it stand in radiation. The latter generalization, moreover, once
established, would then at the same time have been established more firmly because by
then it could be seen as supported by more instances.
The strategy just mentioned, of letting pupils actually carry out several experiments that
are all of the same type, is not only useful for the just given reasons: that thus they will
more easily be able to conjecture an appropriate generalization, and conjecture it more
confidently. The strategy is also useful to make the pupils note down what actually
happened in an experiment when what happened was not in line with their expectations.
For sometimes, and especially after the first experiment was performed, some pupils
noted down that in the experiment the Geiger counter had "reacted a little bit" or "ticked
a little bit more [than it normally does]." After additional experiments such conclusions
usually were implicitly rectified, e.g.: after the experiment "power station broken, fan
on" it was noted down that "he reacted a little bit", after the additional experiment
"exactly the same set-up, with rain" that "it doesn't work either," in which it is
implicitly acknowledged that the first proposal too had in fact not worked. So letting the
pupils carry out several experiments that are all of the same kind and all lead to the
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same unwanted and initially unexpected result, is also of use to help the pupils in facing,
and stating, the facts as they are.
I hope that from the above it has become sufficiently clear that what pupils noted down
concerning the performed experiments are indeed the sorts of thing that according to the
didactical structure would serve as intermediate steps in their coming to appreciate in
the intended way the general problem which kinds of action lead to an object's
becoming radioactive and which do not.
   In the classes in which the teacher's emphasis was on problem-posing, this kind of
general problem did indeed come forward. The way in which, and the stage at which, it
did come forward, however, varied from class to class  and also within one class there
were differences between (groups of) pupils. In one class the pupils were asked to
formulate a kind of overall-conclusion after all the experiments had been carried out.
And in the discussion of those conclusions -e.g.: "The stone cannot make the apple
radioactive, but Chernobyl can. How's that?;" "If Chernobyl can actually make the shoe
radioactive, why can't we make the apple radioactive with the stone or the X-ray
machine?"- the general question how things can be made radioactive came forward,
which was then asked open-mindedly and in accordance with the agreements made
earlier. In this class most proposals seemed to have been carried out with the intention
to show that they would lead to the desired result. In another class some pupils already
quite early, after just a few experiments had not lead to the desired result, took on an
hypothetical attitude and open-mindedly suggested some kind of systematic investigation
in something like7) the following terms: well, I really wouldn't bet my life on any of
those [proposals] any longer; let's just try them all out and see what will make that thing
tick. In yet another class some pupils, who already in devising their proposals had
discussed such things as whether it was radiation or something else that was blown,
consequently looked upon the experiments as means to get answers to general questions
like 'Can radiation be blown by the wind?' and 'Can something be made radioactive
with radiation?'
   It does not matter that the way in which, and the stage at which, the appropriate kind
of general problem comes forward will differ from class to class and, within one class,
from group to group. I would e.g. not call one of the above ways better or more suitable
than the others: it's just that in this class or for this group of pupils it did come forward
in this way or at this stage and in that class or for that group in that way or at that stage.
All that matters is that it does come forward in one way or another, and not just for one
or two pupils. And for that to happen, the activity in the course of which the problem is
to come forward must be such that, if appropriately guided by the teacher (i.e., in a
problem-posing manner), it is not very sensitive to exactly what is done in the course of
it (e.g. exactly which experiments are being carried out), as long as what is done in the
course of it is sufficiently rich (as long as e.g. a rich enough variety of experiments is
being carried out). Furthermore the activity must not be very sensitive to exactly when
(groups of) pupils come to formulate the problem. So in case some pupils quite early
                                        
7. The following is not a literal quote. It is based on a note I made in one of the classes in which no recordings
were made.
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take on an hypothetical attitude, the sequel of the activity must still be worthwhile for
them (and the pupils they have 'infected' with their hypothetical attitude) as well as for
the other pupils. I hope to have made clear that the activity discussed above sufficiently
met these requirements. Both for the pupils who had not (yet) taken on an hypothetical
attitude and for those who had it was e.g. worthwhile to do more experiments: for the
former to show that the new experiments will lead to the desired result; for the latter to
open-mindedly and somewhat systematically find answers to the general problem.
Apart from the way in which the problem did come forward, the final results of the
above activity also differed in the different classes. In one class it ended with the
formulation of the general problem. Another class already arrived at substantial
contributions to its solution. There the experiment in which a radioactive stone was put
into an apple that had been hollowed out gave rise to the suggestion that something
similar might have happened in the Chernobyl-case: (parts of) the source might have
arrived on or in the fresh products in the Netherlands.8) It was not always the case,
however, that possible contributions to the solution of the problem were recognized as
such. In yet another class, for instance, after several experiments on their 'power
station' had been performed, none of which had lead to the counter's ticking at a higher
rate in 'the Netherlands,' one pupil, as if to relieve his frustration by means of a joke,
picked up the piece of cardboard with the radioactive stone on it, carried it along and
put it down in 'the Netherlands.' Even though this made the Geiger counter tick, it did
not ring a bell for the pupils.
   Again, the fact that the final results of the above activity differed in the different
classes does not matter. For in each class the final result was such that it could be
meaningfully further built on in the sequel, though in each class in a somewhat different
way, of course.
9.4  From ground level to qualitative descriptive level
9.4.1 Finding some general statements by looking back at how the problem
has come about
The point of chapter 3 of the textbook was that, by studying the three applications
treated in there (food irradiation, sterilization of syringes, radiation treatment of
cancer), answering the questions about them and, if they thought that might help them in
answering the questions, carrying out experiments, the groups would come to explicitly
formulate the following general statements:
- by means of irradiation organisms or cells can be killed;
- an object does not become radioactive by irradiation.
It was expected, moreover, that their explicit formulation of the first general statement
would not be problematic at all. The discussion of the a-parts of the questions (What is
                                        
8. It also gave rise to an agreement concerning the term 'is contaminated,' and, as expected, to the protest that
"then you can make everything radioactive: hollow them all out" and the question "how then has the stone
become radioactive?"
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the aim of ...?) indeed came up to this expectation. After the discussion of task 1, for
instance, in one class the teacher began the discussion of task 2 as follows.
Teacher: If you now once more look at those a-questions, right, that 1a, 2a and
3a...
Aaron: That are really all the same...
Teacher: Yes. Why, then, are it all the same things?
Aaron: Because the point is always... will kill bacteria... so to...
Teacher: So the point is always to kill... bacteria, mould, cells, isn't it. We
have got that right, haven't we, because I do not know much about it.
But to kill mould, bacteria, cells, that's what the point always is. Shall
we from now on just skip question a? For it is always the same.
[The pupils agreed. Almost all of them had indeed already written down uniform
answers to the a-parts of questions 2 and 3. That is, answers that were all of the kind
"to kill ...," "to counteract ...," or "to make disappear ...," and that differed only with
respect to what replaced the dots.]
Concerning the second general statement above it was expected that the groups' coming
to explicitly formulate it would be guided by the order in and the formulation of the
tasks. First of all, it was expected that they would, for each application, understand the
b-part of the question as a variation on the question whether or not something has
become radioactive. Furthermore it was expected that, since the first application
(irradiation of food) is so similar to some of the things they had done in the preceding to
make the apple radioactive, the pupils would be strongly tempted to use here what they
had found there, and that, once this generalizing step was taken concerning the first
application, they would also be more inclined to do the same concerning the other two
applications. The temptation and inclination, finally, were expected to be further
triggered when, in thinking of ways to imitate the applications, they would notice that
those imitations (and, again, especially the one corresponding to irradiation of food) are
rather similar to some of the things they had done when trying to make the apple
radioactive.
   Below I try to say why the evaluation concerning pupils' arrival at an explicit
formulation of the second general statement above amounted to a modification of the
didactical structure. And in line with the procedure outlined in 9.2.2, also in this case
the main line of the didactical structure was not questioned: it was still assumed that it
would be desirable that the pupils would come to explicitly formulate the general
statement. Rather it was tried to reformulate the tasks and to give an account why it is
reasonable to expect that the reformulated tasks will not give rise to the problems that
made the modification necessary. The need for the modification clearly came forward in
the larger class.
But before discussing the problems in the larger class that gave rise to the modification,
I first briefly discuss what happened in the smaller one. None of the groups wanted to
stick the radioactivity-sign on irradiated food, because "that sticker means that the food
is radioactively contaminated" and "the food is not radioactive." None of the groups
agreed with the statement that a patient gets irradiated a bit by an irradiated hypodermic
needle. Some groups already explicitly used the general statement in their answers, e.g.:
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"the needles are being irradiated and if something is irradiated it is not radioactive."
Only one group found that, when taking care of irradiated patients, the nurses need to
wear lead aprons, because "the tumour has absorbed radiation, and emits that." In the
discussion of the task, however, this answer was immediately withdrawn.
Teacher: But now b. Does that nurse [...], does she have to wear a lead apron
because she's standing near that bed all the time, near that irradiated
patient?
Peter: Yes.
?: No.
Peter: [As if suddenly struck:] What?! No. Oh! No, no, no, no, no.
Teacher: What? Peter, read aloud...
Peter: No.
Teacher: ...for now you are just saying something. Read aloud.
Peter: [As if ashamed:] Are needed, because the tumour has absorbed
radiation and emits that. But...
Teacher: But are you going to cross that out now?
Peter: Yes, because...
Teacher: What are you going to write down? Luke, what do you think is Peter
going to write down there?
Luke: That it is not needed and... because he is not radioactive.
Julius: [Julius is a group mate of Peter.] If he is irradiated, he is not radioac-
tive.
I now address the problems in the larger class, and argue why it is reasonable to assume
that it were unclarities in the formulations of the tasks that delayed pupils' arrival at the
second general statement above. In this class the tasks of chapter 3 of the textbook were
given as homework. I now first summarize the answers. Fifteen pupils had answered the
question whether or not a sticker with the 'radioactivity-sign' should be used on irradi-
ated food. Ten pupils had answered that the sticker should not be stuck on irradiated
food. Four of them for the reason that the sticker doesn't clearly show that the food is
irradiated, e.g.: "such a thing doesn't attract attention and besides nobody knows what a
sign like that means." The other six indicate that "people" will draw all sorts of
conclusions from the sticker, e.g.: "it will deter people and then they won't buy it."
Four pupils had answered that the sticker should be stuck on irradiated food in order to
indicate that the food is irradiated, because "people may want to eat food that is not
irradiated" or because "that is the sign of radiation and then one knows that it is
irradiated to make it keep longer." One pupil, finally, indicates that with some imagin-
ation one could see the sign as a representation of the room in which the irradiation of
food takes place (and of which the textbook contains a drawing): "the circle the source,
the things around it the food." So many pupils had not used in their answer that the sign
stands for 'is radioactive.' Rather some of them had seen it as some sort of dummy
symbol that is therefore not useful because it does not give any information. Others
seem to have plainly accepted it as a sign for 'is irradiated,' and have thus found it
useful.
   The important thing, however, is that none of the pupils seems to have understood this
question as a variation on the question whether or not irradiated food is radioactive. The
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question had thus not challenged the pupils to think about the question whether
irradiated food is radioactive. Consequently it cannot be said whether, if they had
thought about it, they would have used here what they had found in the preceding, when
they tried to make the apple radioactive.
With regards to the question on the hypodermic needles, there was the same sort of
problem: the task had not challenged the pupils to think about the question whether or
not irradiated hypodermic needles are radioactive. Let me first of all repeat the task.
Joke says: "I simply do not understand that they irradiate syringes. It may well be that
a patient does not get infections since the bacteria are killed. But the patient does get
irradiated a bit by the syringe. And that too isn't really healthy, is it?"
We do / do not agree with Joke, because..
Fourteen pupils had answered this question, ten of them did not agree with Joke, two of
them did agree with her and two pupils took up some sort of intermediate position. But
no matter whether or not they did agree with Joke, I think all of them really agreed with
each other, namely on something like: receiving just a little bit of radiation will not do
much harm, but receiving much may. The pupils who did not agree with Joke focused
on the first part, e.g.: "a human being can surely stand such a little bit of radiation;"
those who disagreed with Joke focused on the second part, e.g.: "if every day you have
3 injections (the rest of your life) you get additional symptoms;" those who took up an
intermediate position disagreed with Joke "as long as it does not happen too often." So
the task was unclear as to what pupils were to agree or disagree on. They seem to have
reacted to the last sentence of what Joke said (And that too isn't really healthy, is it?),
and not, as intended, to the sentence before the last one (But the patient does get
irradiated a bit by the syringe). They simply seem to have taken for granted that the
patient does get irradiated a bit by the syringe, and have thought about whether that will
do much harm. Now, of course, someone who is in command of the second general
statement above cannot take for granted that a patient gets irradiated by an irradiated
syringe. In fact, not taking that for granted is a sign of being in command of the general
statement. The above question, however, was not directed at someone who is well in
command of the general statement but was, conversely, meant as a contribution to
pupils' arrival at the general statement. And viewed in that light it did not clearly
enough direct pupils' attention to what they were to agree or disagree with.
   Again it cannot be said whether, if they had thought about the question whether or not
irradiated hypodermic needles are radioactive, the pupils would have used here what
they had found in the preceding, when they tried to make the apple radioactive. I do
think, however, that the inclination to take this generalizing step would then still have
been decreased by the fact that concerning the first application (irradiation of food) they
had not already taken a similar step. If such a step had been taken there, that might
perhaps also have contributed to their understanding the task, despite its unclarity, as
asking whether or not irradiated hypodermic needles are radioactive. That is, that might
have helped them in appreciating that the needles too, like the apple in some of their
own experiments and the food in the first application, are only irradiated. It might have
made the information that the needles were irradiated a relevant piece of information (as
it probably had been for the pupils in the smaller class). In fact, viewing that piece of
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information as a relevant piece of information is part of the generalizing step that the
pupils were expected to take. But given that their thinking about the previous application
had not resulted in such a step, it will then also not have made them appreciate the
relevance of a piece of information of that kind. And consequently it will also not have
made them more inclined to take a generalizing step now.
With regards to the question on the irradiated patients the situation was somewhat
different. This question actually seems to have challenged four pupils to think about the
question whether or not the patients are radioactive (emit radiation) -i.e., about the
question whether or not patients who are only irradiated emit radiation. They did not
find that lead aprons are needed when taking care of irradiated patients, e.g. because
"you no longer can get irradiated" or because "they absorb the radiation, but do not give
it off." For the other nine pupils who had answered the question, however, it seems that
the same sort of comments can be made as above (concerning the irradiated syringes). I
believe they had not actually thought about the question whether or not patients who are
only irradiated emit radiation, but rather had simply taken for granted that the patients
do emit a bit of radiation. What they had thought about was whether that will do much
harm to the nurses. Their conclusion was that it might (e.g.: "if they are standing in the
ward the whole day they will catch much too much radiation;" "too much radiation is
not good (from several patients)"), and that therefore lead aprons are needed. For them
the information that the patients were irradiated had not served as a relevant piece of
information.
Finally, I think it is reasonable to assume that the pupils had not thought of ways to
imitate the applications, which was expected to further trigger the temptation and
inclination to take generalizing steps. First of all, the pupils were not asked to think of
imitations in the tasks on the applications themselves. Rather, at the end of the
introduction to chapter 3 (section 3-1 of the textbook), they were invited to carry out
experiments:
Read the next sections and do the exercises.
If you find it necessary to perform experiments, you can do so. But do consult the
teacher before you start.
Secondly, because the pupils worked on the exercises of the next sections (in which the
three applications were successively treated) at home, there was not much to
experiment.
I hope the above suffices to illustrate the problems in the larger class, and that these
problems prevented that the pupils took the required generalizing steps. This is also how
I analyzed the situation when, at the beginning of the lesson, the pupils had to gear their
answers to those of their group mates, and from walking around I got an impression of
the sorts of answers they had given. In order to set the required process of generalization
in motion, I then advised the teacher to begin the discussion on the task whether or not
the radioactivity-sign should be used on irradiated food with the question what that sign
really stands for, as a means to get them thinking about the question whether irradiated
food is radioactive. It could then be seen whether they would then use what they had
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found when they tried to make the apple radioactive, i.e. whether they would take the
first generalizing step, and whether, once this first step had been taken concerning the
application in which it was most likely that they would take it, they would take similar
steps concerning the other two applications. It turned out that by this move the process
was indeed set in motion.
The experiences in the larger class have lead us to the following suggestions for
adjustments to the didactical structure:
- better challenge the pupils to think about the question whether or not irradiated food is
radioactive, for this is to trigger the whole generalizing process;
- challenge them more directly to think of ways to imitate the applications, for this may
further trigger the temptation and inclination to take generalizing steps;
- replace the formulations that, because of their ambiguity, hindered pupils' arrival at
the general statement by formulations that more clearly focus pupils' attention in the
desired direction.
The first suggestion was further worked out by adding a task in chapter 1 of the textbook
and adjusting the task on irradiation of food. The point of the additional task, to be fitted
in after task 6 of chapter 1 (cf section 8.3.2), is to explicitly focus pupils' attention on
the radioactivity-sign. The task reads as follows.
A sign to indicate whether something is radioactive              
On objects that are radioactive this has to be indicated.
All countries have agreed to use a sign for that. (See alongside.)
So that sign has to be used on radioactive objects.
But it is not allowed on objects that are not radioactive.
a Which of the objects in the classroom carry that sign?
b Which of them carry it rightly?
c Which of the objects really ought to carry the sign too?
In order to challenge the pupils to actually think about the question whether or not
irradiated food is radioactive, in the task on irradiation of food the following question
was added (with a reference back to the above task of chapter 1): On what kind of
objects must a sticker with that sign be stuck?
   In order to challenge them more directly to think of ways to imitate the applications,
the following was simply added to the tasks on each of the applications: Note down an
experiment that can be carried out in the classroom and that imitates this application.
Carry the experiment out if you think that will help you to answer the below questions.
But do consult the teacher first.
   Concerning the reformulations of the tasks I just give one example. In order to more
clearly direct pupils' attention to what they were to agree or disagree on, the old
formulation of the task on the hypodermic needles (We do / do not agree with Joke,
because...) was replaced by: Joke says that a patient gets irradiated by an irradiated
needle. We do / do not agree with that, because...
   With these adjustments, the problems that occurred in the larger class did not return
the next year. Rather things then went as they had gone in the smaller class. The
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required generalizing steps were then taken by nearly all groups, and some of them
already used the general statement in their answers quite explicitly. And the solitary
group, or pupil within a group, that had not taken the generalizing step concerning some
application, needed just one or two words to take it (like Peter in the smaller class).
9.4.2  Solving the problem by finding more general statements
Tackling the problem
Since the final result of the activity in which the problem had come forward varied from
class to class, the starting point for the present activity varied accordingly. Whereas in
some classes the problem was already nearly solved, in other classes or for some groups
of pupils within a class it still stood open. In the former cases the task how some fishes
in the Irish Sea could have become radioactive (cf section 8.4.2) was rather an easy
exercise. But the main point is that in the latter cases the task turned out to be very
useful. In fact, most groups almost immediately saw their answer to this task (e.g.: "the
fishes have eaten the radioactive waste;" "the bits stick to the fishes") also as a contribu-
tion to the question how e.g. the 'Chernobyl-shoe' might have become radioactive. For
some groups, however, it was really a two-step process. They could understand how the
fishes might have become radioactive: they might have eaten (bits of) the radioactive
material. But then, so they would begin the second step, what about the shoe: it cannot
eat, can it? It would then usually not take a long time before they finished the second
step by noting that the 'eating-part' of the story is not very essential: all that matters is
that the shoe had somehow got (bits of) radioactive material on or in it. In order to let
the pupils, at least implicitly, use the generalization that an object becomes radioactive
by putting radioactive material in or on it, and in order to make them explicitly realize
that they have solved their problem, the teacher usually also asked them to have a
second look at task 5 and/or task 6. The pupils then were indeed able to say, e.g., why
their attempts to make it the case that more radiation is measured in 'the Netherlands'
had not worked.
Explicit formulation of generalizations
The task in which the pupils were asked to form true statements containing two of the
terms 'radiation,' 'radioactive,' 'radioactive material,' 'contaminated' or 'irradiated' did
indeed challenge them to explicitly state the sorts of general statement they had, at least
implicitly, used in the preceding.
   What I think is still lacking here, and what I now9) propose as an addition to the
didactical structure, is a task in which the pupils come to explicitly recognize that their
use of words like 'radioactive,' 'contaminated' and 'irradiated' has changed as
compared to the beginning of the series of lessons, and once more come to explicitly
state the agreements that have been made concerning the use of such words. In the
present didactical structure these things remain pretty much implicit. Given that at the
                                        
9.As I have already noted, thinking about improvements of the didactical structure is still going on today.
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beginning of the series of lessons pupils already used words like 'radioactive,' 'contami-
nated' and 'irradiated' (as I have illustrated towards the beginning of section 9.3.2), a
task that might lead to the desired explicit recognition and statements suggests itself:
make the pupils compare their then use of such words with their present use.
9.4.3  Getting at home in the established system of generalizations
The aim of chapters 4 and 5 of the textbook was to gradually make the groups feel even
better at home in the system of generalizations and, to some extent, add to it. This was
tried by challenging them, and more and more indirectly so, to apply the relevant
generalizations in order to give explanations or to make predictions concerning some
new situations. From the fact that they were e.g. largely able to base their judgement as
to whether and which protection measures are needed in a particular situation on a sound
analysis of that situation in the relevant terms ('contaminate,' 'irradiate,' etc), even
when the situations themselves were not formulated in these terms, it can be concluded
that indeed they did begin to get rather well at home in the system of generalizations.
Sometimes this was also indicated somewhat more explicitly. Some groups, for instance,
had in the summary of chapter 4, under the heading 'Important to remember,' noted
down something like "What the difference is between contaminated and irradiated." At
least for these groups the difference must have become clearer or more relevant than at
the end of chapter 3 of the textbook.
Instead of discussing in more detail the groups' answers to the tasks of chapters 4 and 5,
I will now rather give some other examples from which it may become clear that the
pupils began to feel at home in the system of generalizations. The examples concern
new situations that were not brought up by the textbook, but were brought up by a pupil
in the form of a question. In the discussion of that question it can be noticed that pupils -
some of them immediately, others after some hesitation and with some guidance by the
teacher- begin to apply what they have learnt before to the new situation in order to
answer the question. Both of the examples took place during the discussion of the tasks
of chapter 3 and the last task of chapter 2 (i.e., before the task in which the pupils were
challenged to explicitly state generalizations).
   The first example relates to a story that a pupil (Aaron) had read in Reader's Digest.
The story was about a Soviet pilot that "had flown about six times over the nuclear core
[of the exploded power station in Chernobyl]" and "later died of leukaemia." (Recall
that the pupils were asked to collect articles on the topic of radioactivity. The teacher
would then usually ask a pupil who had found such an article to tell something about it.)
While telling the rest of the class about this pilot, Aaron had said, among other things:
"First they wanted with military airplanes to just pour sand on it, on the core, but that
did not work because... They wanted to smother that thing, that core, but that didn't
work because nucl... radioactive substances kept coming out, or something like that."
Later on, another pupil came back on this:
Melvin: Why did it say there a while ago... that there... with sand, or
something like that, that they wanted to let it smother, or so, that
core... in that book [points to Aaron's Reader's Digest].
Teacher: Yes.
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Melvin: Well, how can that be?
?: Yes, we just have...
Lawrence: Yes, it will no longer blow away then, that...
Teacher: Yeah. Why was that? Do you [Aaron] still know? In order to let it
smother? Is it to make that hot core...
Aaron: Yes, for what else?
Teacher: ...smother?
Lawrence: No.
Peter: Because there [unintelligible] no longer goes through.
Melvin: No, because you can never put it out.
[There follows a brief exchange, the conclusion of which is that the sand was not
poured on the core to put the fire out.]
Teacher: But why then do we still pour sand on it? And I believe I have already
heard the answer.
Peter: In order that the radiation... [in his hurry to correct himself, he begins
to stutter] radioactive-ive...
Melvin: [joking] Radioactive-ive-ive...
Teacher: [to Peter] Yes. [to Melvin] No.
Peter: ...substance no longer can... let escape from it.
[The teacher and several pupils are speaking at the same time.]
Teacher: That the substance can no longer get out, that the particles... that the
substance can no longer get out. And for the people living nearby.
Would that make some difference?
?: No.
?: Yes.
?: Less radiation gets through it.
[Several pupils are speaking at the same time. The teacher interrupts them. He reminds
the pupils of the experiments they performed when they tried to build their own
'nuclear power station.' The conclusion is that radiation goes through sand.]
Teacher: Now, does it make sense to pour something on it or does it not make
sense to pour something on it?
[Several pupils are speaking at the same time.]
Julius: If you do it with lead, it does.
Lawrence: But if you pour sand on it, it does not make that much sense. It just has
the advantage that there is no further contamination.
Melvin: And why then didn't it work?
Luke: Too little sand.
?: Yes, then you would have to have another helicopter pilot that did not
die.
Teacher: I thought there was also a little story in... Page 32. Why do I want you
to cast a glance at page 32? [...] I look at the biggest letters on 32.
?: Bombardment with sand and lead on power station in Chernobyl.
Teacher: We are still going to talk about it. Agreed?
The discussion thus also allowed the teacher to give a preview at chapter 4. Again it is
likely that this will have contributed to pupils' increased appreciation of the coherence
in the series of lessons.
Although the teacher had not done so explicitly, also at the end of the discussion given
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in the next example there was the opportunity to give a preview at chapter 4 of the
textbook. The example begins with a pupil (Peter) who had watched and videotaped a
documentary on the Chernobyl accident. (The class watched the videotape at the end of
the series of lessons.)
Peter: But what in that film they also did with those people, right, they did
push such a stick in their stomach, then they did some measuring,
didn't they.
Teacher: Right.
Peter: Now what are they doing that for?
Lawrence: In their stomach?
Peter: Yes. Well, they had to... here... such a thing... then they had
to sit right like this [he gestures how "such a thing" was held
near the gastric region of "those people"].
Lawrence: Oh, yes. Yes, I see. I see, I see.
Teacher: And then they did some measuring with that thing [points at a Geiger
counter]?
Peter: A thing like that, right, but much bigger.
Teacher: And what did they measure then?
Lawrence: Well, that they don't...
Teacher: What does that thing measure?
Peter: Well, the radioactivity.
Teacher: Right. So what do they measure?
Peter: Whether they are radioactive.
Teacher: Right. And where in the body would that pile up? Look, because...
Peter: Oh, it is inside the stomach...
[The teacher and several pupils are speaking at the same time.]
Peter: ...because maybe they eat radioactively contaminated food.
The teacher might have given a preview by noting that in chapter 4 the question will be
treated whether there is still something that can be done when someone has got
contaminated.
9.5 The extension in quantitative direction and the transition to
theoretical level
I have already said that the extension of the descriptive level in quantitative direction
and the transition from descriptive level to theoretical level were evaluated more
loosely. In fact, the evaluation of these parts did not go much beyond the global
impression I gathered during the series of lessons as to whether the sort of things the
pupils did say and do could indeed be interpreted as more or less in line with what they
were, according to the didactical structure, expected to say and do. And this global
impression was, as I have already noted as well, that the didactical structure concerning
these parts did indeed serve as a valuable guideline and on the whole seemed good
enough.
   Below I mainly indicate why I have not felt the need to also further evaluate these
parts in somewhat more detail, as had been done for the preparatory period and the
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transition from ground level to qualitative descriptive level.
I do not see much worth in a detailed evaluation of the extension of the descriptive level
in quantitative direction, precisely for the reason that indeed it is an extension -a rather
straightforward continuation of the process that had already been set on the right tracks
in the preceding. This 'setting on the right tracks' deserves most attention, because it is
the hardest and most interesting part of the educational challenge. It is harder and more
interesting anyway than keeping the process on the right tracks, once it has been
properly set in motion. Indeed, the parts of the didactical structure that correspond to
the later stages of the transition from ground level to qualitative descriptive and to the
extension of the descriptive level in quantitative direction had been relatively easy to
construct (given that we also wanted to treat protection measures, effects, and further
applications).
   If a further evaluation of the extension in quantitative direction had been carried out,
it would without doubt have lead to e.g. somewhat better formulations of some tasks. I
think, however, that such modifications would have been rather minor and thus not
worth all the trouble. But of course I may be wrong.
I do not see much worth in a detailed evaluation of the transition from descriptive level
to theoretical level either. The main reason is, in line with the expectations presented in
section 8.6, that there really was not much to evaluate. Of course I could further
evaluate pupils' difficulties with mastering the nuclear model that, according to the
examination syllabus, they had to know. I could also mention that initially it was very
confusing for them that all at once everything was 'particles:' radiation consists of
particles, which are shot away by a particle that in turn consists of particles and around
which circle yet other particles, and so on. But the most important thing to note is that
pupils' mastery of the nuclear model was and remained pretty much an activity in itself,
which, on the one hand, demanded pretty much of them but which, on the other, most
of them also seemed to like. The link with the preceding, the model's function in
answering unanswered questions, did not really come forward, probably because of the
mismatch between that model and the theoretical need induced by the unanswered
questions (cf section 8.6). So there was not really a transition, but rather an isolated
activity.
On the basis of such experiences, the teacher has decided for a different way to round
off the series of lessons. What has remained the same is that the pupils are given the task
to collect all the questions that have arisen in the preceding. Below I have listed
examples of such questions.
Why is there a bag around the shoe?
Does the meter in the great hall tick as fast as in the classroom?
Do the rays break down cells?
Can radioactive radiation glance off at some particular material?
Does the temperature have got something to do with contamination?
Does radioactive radiation penetrate glass?
Is a part of the body radioactive if it has been in an X-ray machine?
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Can radiation be inside rain?
How can materials get radioactive?
Why is lead a stopper?
Why does iodine help in case of contamination?
Where have the X rays gone to?
Why is the gas mantle radioactive?
Does radiation get broken down?
Why is it that radioactive particles are radioactive?
Is there a radiation magnet?
Do the cells in the body break down radioactive particles?
Why are there so many cancer patients in Chernobyl?
What has also remained the same is that the pupils are asked whether they can now
answer some of the questions and that, if they can, the teacher once more points out that
they already have learnt quite a lot about the topic. Concerning the questions that still
remain unanswered, however, the teacher's present strategy is different. Depending on
what those questions are, the teacher will e.g. go a bit further into one or two of them
(in relation to the question 'Why does iodine help in case of contamination?' the teacher
may e.g. explain in what way non-radioactive iodine does prevent contamination with
radioactive iodine), or may perhaps still find it useful to introduce the 'radiation is
nothing but very fast moving particles'-hypothesis in order to answer some of the
questions. After a while the teacher then rounds off with the moral that, although they
have learnt quite a lot about radioactivity, there still is a lot more to be found out about
it: but that is the way things go, physicists too are never finished.
   The teacher pushes the treatment of the facts about the nuclear model forward to the
training for the examination. Thus it is quite clearly separated from the rest of the series
of lessons on radioactivity -as, in fact, it really already was when it was still part of it.
9.6 Pupils' comments on the series of lessons
Below I discuss what 24 pupils (of the smaller and larger class, one pupil was ill at the
time) had written in response to the below question(s) after the series of lessons was
over.
What I think about this unit
Only a few pupils have worked with this unit. We are therefore very curious about
your experiences.
So tell us something about working with this unit. What did you like and what not?
What was good about it and what bad? What would according to you have to be
improved or changed? Did you learn a lot or not that much? What is the most
important thing you have learnt? What did you find unimportant?
Note down below your views about this unit. We will use your comments to improve
it.
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Global overview
In their response, 13 pupils used the word 'nice' or indicated to have enjoyed it, 9 used
the word 'instructive' or indicated to have learnt a lot, 8 used the word 'interesting.'
Some pupils did so in the form of a comparison, e.g.: "It does work nicer than an
ordinary school book I think;" I think this was a nicer unit than normal." Of the 24
pupils, 21 used at least one of the three key words 'nice,' 'instructive' or 'interesting,'
of which 7 pupils used at least two, of which, finally, 2 pupils used all three (e.g.: "On
the whole I think was a nice interesting and instructive unit."). Two pupils indicated
how their finding it nice, instructive and/or interesting had had a positive influence on
their (and other pupils') attitude: "[The unit] simply is terribly nice  very interesting 
you could also tell that by the other boys [this pupil was in the small, all-boy class, KK]
 we all took part and listened very concentratedly;" "I've got the feeling that with this
subject I paid more attention than with other units." Four pupils noted that, as far as
they were concerned, there was no need for improvements, e.g.: "I really would not
know what had to be changed."
The responses of the 3 pupils who did not use any of the three key words are as follows:
I think it was important to discuss in a group what we thought and did not have to do
this individually. It would have been handier if these tasks that are now in a ring
binder had been in a smaller exercise book because such a big ring binder is awkward.
I've had enough of it!!! (Dennis)
Too tedious. Sometimes you get fed up with it. I do think it was well done so I do not
know many bad things. (Michael)
I sometimes did like working with the class but in a small group it is nicer because
then you can better consult. I think the subject matter we have treated was a bit tedious
and I don't think much of those postponed questions at all. Nuclei atoms and so on at
the end of the unit I did again enjoy. Because then you've got somewhat more to do.
(Frank)
Dennis' practical point about the awkwardness of the ring binder, which was also
mentioned by two other pupils, has been taken care of: the textbook now has a handier
cover. Although Frank would have liked more small group discussions, both he and
Dennis make the point that "it was important to discuss in a group." Since also many
other pupils made this point, and often did so in relation to why they thought it was
nice, instructive and/or interesting, I will come back on it presently. Both Michael and
Frank thought it was tedious. An indication of why they thought so might be contained
in what the one pupil who wrote that it was not tedious crossed out: "The lessons were
not tedious, but if you are going to talk about one small subject too long then it gets
boring." So although it is nice to talk about something for a while, if it takes too long
you may "get fed up with it," as was the case for Dennis and Michael. Frank did enjoy
the end of the unit about "nuclei atoms and so on," probably because that part was more
difficult and so gave him "somewhat more to do." Several other pupils also commented
on the difficulty of the unit. There were also other pupils who commented on the post-
poned questions, which Frank did not think much of at all. On both these points I will
come back presently, as well as on the remarks that were made on the textbook itself
and on what was the most important thing they have learnt.
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Why it was nice, instructive and/or interesting
About half of the pupils wrote, more or less elaborately, that working/discussing in a
group was an important feature of the series of lessons that contributed to their finding it
nice, instructive and/or interesting, e.g.:
"You have to kind of find it out yourself with your group, but once you understand it
you ever want to find out newer things."
"I find it good to discuss things in a group, you learn a lot from it."
"I think this was a nice unit because you worked a lot with the whole group [probably
means: class, KK] and thus different and/or new ideas were suggested."
"I think the disc. were interesting and instructive and also the going more deeply into."
"It was nice to have lessons in this way because it was pleasant to discuss and things
like that. You go more deeply into some things until you really knew everything. You
noted things down that you did not know and on which you yourself can then later give
an answer on the basis of more information. Otherwise you worked more on your own
 now in a pair or with the whole group  that was always pleasant and instructive."
"It was a terribly nice experience because you discuss about something you at first
knew nothing or little about and now know quite a lot about. if you had a question you
could discuss it with your classmates. sometimes there were several answers and then
you answered it when everybody agreed. [...] You could also learn a whole lot from
each other. if the one (e. Melvin) knows very much about something and I don't he can
explain it and if Melvin didn't know anything about something you can also do it the
other way round. so in a group you can put forward your opinions but also your
knowledge and thus you learn much more."
So these pupils not only experienced working/discussing in a group as pleasant in itself
but also as instructive, probably because it provides the opportunity to learn from each
other and to go more deeply into things.
As the pupil that is quoted last, two other pupils claim something like: "I think the unit
was interesting, because you find out something about radioactivity, about which before
you knew nothing at all." For those three pupils their finding it interesting or nice was
stimulated by the fact that they thought they had learnt a lot, which for them was clearly
visible because before they "knew almost nothing about it." Another pupil gave another
(or additional) reason why it is clearly visible that "from this unit you learn something,"
namely: "because you don't have as much to do with it as with those things from the
other units." So the fact that the topic of radioactivity is somewhat remote, in the sense
that you do not have that much to do with it and thus know little or nothing about it,
may have made it more easily visible for the pupils that they had learnt something.
Apart from this peculiarity relating to the topic of radioactivity itself and the work-
ing/discussing in a group, just a few scattered remarks were made that might count as
further explanations of why some pupils thought it was nice, instructive and/or inter-
esting, e.g.: "It was also nice that pupils were allowed to carry out experiments in front
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of the class;" "At least it is something else than all those experiments with metals and
things like that;" "it was a nice subject to close the year with;" "It was also not too
difficult."
Difficulty of the unit
Apart from this "It was also not too difficult" several other general remarks were made
concerning difficulty: "it was an interesting but difficult subject  it also was an extensive
subject, lot of work;" "[The unit] is well built up from easy to difficult." One pupil
made a comparison with the PLON-material, which contains a unit on radioactivity with
the common structure that has been set forth in chapter 3 of this thesis: "I think this was
a much better made unit, because I recently had a look at our other physics book and
that I found far more difficult."
   The other remarks on difficulty concerned specific things that one pupil or another
found difficult, e.g.: "some things I did find difficult like: when you have to know a
certain substance for a patient;" "I only find that they about those protons neutrons
isotope electrons not so clear. It was too difficult to read."
Postponed questions
Six pupils wrote something on the postponed questions (the ones that were stored in the
summary under the heading 'Questions we still have to find an answer to'):
I don't think much of those postponed questions at all. (Frank)
What I did regret is that you have to wait too long for an answer to some questions.
Then it is like: just note it down on the yellow page [the summaries were printed on
yellow paper] and later on you yourself give a vague answer to it of which in fact you
do not really know whether or not it is right. (Iris)
It's just that at the beginning you've got many unanswered questions that only much
later get answered, that just makes it hard at the beginning, because you do not know
whether your answer is correct. (Mervyn)
You noted things down that you did not know and on which you yourself can then later
give an answer on the basis of more information [...] It's just that sometimes I did not
quite like it if a question was asked that could not yet be answered. (Melvin)
It was useful to yourself ask your questions and later solve those yourself. (Peter)
It was also nice that you yourself found the answers by thinking logically. (Lawrence)
Mervyn and Melvin brought forward that sometimes it is not nice for pupils, and
especially at the beginning may even make it hard for them, that some questions are not
immediately answered. This is a point we had not taken into account. It did even more
clearly come forward the subsequent year, when in one class the pupils seemed sort of
reluctant to ask questions. The teacher had the impression that this was due to the fact
that too often when a pupil had asked a question his reaction had been something like:
that's a good question, let's all note it down on the yellow page. This might indeed
explain the reluctant attitude of the pupils: let's not ask any questions, otherwise we
only have to note them down.
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Anything that makes pupils reluctant to ask questions should of course be seriously
reconsidered, given that it is an essential ingredient of the didactical structure that pupils
are challenged to ask questions. In fact, the reason why many tasks also have the
function to make pupils ask questions is that this will help them in appreciating the
coherence between the various activities. They may e.g. appreciate the coherence
between subsequent activities if a question they ask during a particular activity more or
less coincides with one of the next tasks or at least makes clear the point of one of the
next tasks. In the evaluation of the didactical structure I have given some examples of
questions that are likely to have contributed to pupils' appreciation of such a 'local
coherence.' The postponed questions, on the other hand, are supposed to give some sort
of 'global coherence' -a coherence between activities that are separated much wider
(with respect to time, subject, etc). The fact that the above pupils (except Frank and
Iris) indicated that the initially postponed question did eventually (be it "only much
later") get answered, thus is a sign for their appreciation of the global coherence.
Melvin and Lawrence can then be taken to have explicitly stated the coherence, by
having noted that the questions got answered "on the basis of more information" and "by
thinking logically."
But since storing questions in the summary is not something that pupils really seem to
like and may even result in an attitude to no longer ask questions, we have been forced
to rethink the activity of postponing questions. As before, in rethinking this we have not
cast any doubt on the usefulness (for the above reasons) of postponing some questions.
Below I indicate how the teacher nowadays tries to deal with questions.
   For one thing, the teacher tries to better explain why, even though they may not like
it, it is still inevitable that some questions cannot immediately be answered, and why
this is most likely to happen at the beginning: those questions can only be satisfactorily
answered once you have learnt enough about the topic. Furthermore, the teacher also
tries to postpone questions in other units. Indeed, pupils may thus get used to the
phenomenon, and also find out that postponing questions is not an end in itself or a form
of parrying questions, when in fact later on they manage to answer (at least some of)
those questions. All this may help, of course, and the teacher claims it does. But it is not
sufficient. The most important change that the teacher has made, is that he now tries to
make a more balanced use of the possibility to postpone questions. First of all, only
those questions that can indeed be better dealt with once the pupils have learnt more are
candidates of questions to be stored in the summary. The teacher tries, in one way or
another, to immediately deal with other questions, e.g.: is uranium expensive? (yes);
how does a Geiger counter work? (no idea, but I do not know that of a great many
things). Furthermore, the teacher does not actually let store all the candidates. He may
also use another method to point at the coherence between various activities, e.g. by
concretely showing that a question will be treated further on. And if the teacher thinks it
is best to actually store a question, he does not let it automatically store by all pupils. In
this way the questions that are actually stored will be more surveyable, not only for the
pupils but also for the teacher. The teacher tries to make use of that overview by coming
back on a question whenever the time is ripe, in order to prevent Iris' complaint that
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"you have to wait too long for an answer to some questions." Of course, the question
should then also be dealt with satisfactorily and the result should not be "a vague answer
to it of which in fact you do not really know whether or not it is right." Only then can
pupils, like Peter and Lawrence, come to find it useful or nice "to yourself ask your
questions and later solve those yourself."
   By finding the right sort of balance along the above lines, the teacher now claims that
in recent years the pupils have hardly complained about the usefulness of postponed
questions (and certainly have not showed an attitude of no longer asking questions),
even though through the years he has grown ever more sensitive to such complaints.
The textbook
Seven pupils made a comment on the textbook itself, or on working with the textbook.
Some did so in quite general terms, e.g.: "The textbook was quite nice;" "Everything
was well and clearly explained." Some made more specific remarks, e.g. concerning the
fact that the textbook mainly consists of tasks: "In some parts of the text were more
questions than answer;" "Things are clearly described in the textbook and you can easily
look up again the exercises, the answer is there;" "I think it was good that you write it
yourself because you can then write in your own words so is easier for yourself."
Concerning the tasks themselves, finally, one pupil remarked that they "were easy to
understand."
The most important thing
For the sake of completeness I finally mention that two pupils indicated what for them
was the most important thing they had learnt. For the one it was "the difference between
contaminating and irradiating;" for the other "what radiation really is." The latter pupil
also wrote: "I myself wanted to go somewhat more deeply into what b and what g radi-
ation was (but otherwise you very likely are occupied with this subject for a full year
and that's not really necessary either)."
9.7  Conclusions
Let me now summarize what I take to be the major outcomes of the evaluation. I think
that on the whole the didactical structure (at least up to and including the extension of
the descriptive level in quantitative direction) can be judged as 'good enough.'
Concerning the few cases in which what pupils did say and do seemed too far out of line
with the sort of things they were expected to say and do, moreover, it was possible to
account for the deviation in terms of pupils' not understanding some task or teacher
intervention as intended. It was then also possible, on the basis of that account, to so
adjust the didactical structure that its main line was not touched and the adjusted
didactical structure could reasonably be expected to come out as 'good enough' if it
were tried.
Apart from these rather local adjustments, I have also suggested a few improvements
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that relate to the major aim of a problem-posing approach: to enable pupils to
themselves perceive their process of learning science as an internally coherent one with
a certain direction, which in important respects is being driven by their own questions
and over which they have some control.
   It is part of meeting this aim that pupils are provided sufficient opportunities, at
appropriate times, for reflection: on what has been done, on what has been established,
on the reasons for what is going to happen next, etc. I think that in some respects
insufficient opportunities for reflection were built into the didactical structure. What
remained very much implicit, for instance, is that pupils' use of words like 'radioac-
tive,' 'contaminated,' and 'irradiated' had undergone a change. Therefore, I have
suggested the addition of a reflective activity in which pupils come to explicitly
recognize that their use of those words has changed as compared to the beginning of the
lesson series. I have also suggested that the beginning and end of a lesson provide
suitable opportunities for reflective activities of the kind: what have we done, and why,
and what are we going to do next, and why?
   I have also noted that a reflective activity should not follow too closely after what is to
be reflected upon. In order that pupils come to explicitly recognize that their use of
some words has changed, for instance, a reflective activity in which they are to compare
their present use of those words with how they used to use them, should be built in when
they are already somewhat at home in the new use. Or, to take another example, if the
reasons for doing a given task (e.g., select radioactivity-meters out of a collection of
measuring devices) are properly prepared by preceding activities (pupils want to reach
agreement on whether or not something is radioactive and believe this must be possible;
they do not seem to be able to reach it without additional help; they know that some sort
of device might provide the desired help), it would be silly to let the pupils, before
going to work on the task, explicitly bring forward their reasons for going to work on it.
It simply would take the momentum out of the lesson.
It is also in line with the above mentioned general aim of a problem-posing approach,
that pupils' questions contribute to it. Recall, for instance, that many tasks had the
function to make pupils ask a question that more or less coincides with one of the subse-
quent tasks or at least makes clear the point of one of the subsequent tasks. Such tasks
often functioned as intended, i.e., the intended 'local questions' were indeed often asked
by pupils, which will have contributed to their appreciation of a 'local coherence'
between subsequent tasks.
   It was also expected that pupils would ask questions that cannot appropriately be
answered at the time they are asked and also cannot be used to make clear the point of
one of the subsequent tasks, but that could be answered further on in the process or
make clear the point of tasks far further on in the process. Such questions were expected
to contribute to pupils' appreciation of some sort of 'global coherence,' i.e., a
coherence between activities that are separated rather widely. It turned out that pupils
did indeed ask such questions and that that did indeed contribute to pupils' appreciation
of a global coherence. Pupils indicated, for instance, that such questions eventually (be
it much later) got answered on the basis of more information. It also turned out,
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however, that the procedure that was built into the didactical structure in order to deal
with such questions, namely to 'postpone' them (to let pupils note them down for the
moment in order to later come back on them), was not very stimulating. Pupils
indicated, for instance, that it is not nice that they did not always get an answer,
especially at the beginning of the series of lessons, when they had quite a lot of
questions. In some cases the procedure was even counter-productive, in the sense that
pupils were reluctant to ask questions.
   So with respect to the procedure of postponing questions a similar remark has to be
made as concerning the use of reflective activities: in order that the procedure functions
as intended, a balanced use will have to be made of it. I have suggested that the
following points are useful for a teacher to bear in mind, in order to find the right sort of
balance. First of all, to only take questions that can indeed be answered once the pupils
have learnt more as candidates of questions to be stored, and to deal immediately with
other questions. Secondly, to not actually let store all the candidates, and to also use
other methods to point at the coherence between various activities, e.g.: to concretely
show that a question will be treated further on. Thirdly, to not automatically let all
pupils note down a question that is worth being stored. In this way the questions that are
actually stored will be more surveyable for the pupils. But also for the teacher it will
then be easier to keep track of the stored questions and to come back on them whenever
the time is ripe.
What has also come forward from the evaluation, I think, is that it would be good to not
just plan and evaluate a didactical structure as a class process (as I have done). Indeed,
if it is to be expected that the process will proceed somewhat differently for different
(groups of) pupils, one will have to appropriately take that into account in the
construction of a didactical structure and have to pay special attention to that in its
evaluation. As already indicated, I have not systematically done so. Nevertheless it
turned out that in some cases the didactical structure appropriately supported a process
that proceeded somewhat differently for different (groups of) pupils. So let me now
review one of these cases in order to find some clues about how to appropriately
anticipate, in the construction of a didactical structure, that the process will proceed
somewhat differently for different (groups of) pupils.
   The case I have in mind relates to the activity in which pupils were asked to make an
apple radioactive. Recall that the point of this activity was that pupils came to see
something like the following as a problem worth a further systematic investigation: how
things can be made radioactive (and how not). As illustrated in section 9.4.1, this kind
of general problem did indeed come forward. The way in which, and the stage at which,
it did come forward, however, varied from class to class, and also within one class there
were differences between (groups of) pupils. In one class most groups, even though all
their proposals to make the apple radioactive failed, seemed to have carried out those
proposals to the very end with the intention to bring about the desired result (a
radioactive apple). In another class some pupils already quite early, after just a few
proposals had not lead to the desired result, took on an hypothetical attitude and open-
mindedly suggested some kind of systematic investigation. In yet another class some
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pupils' proposals already were attempts at a systematic investigation. Furthermore, the
final results of the above activity also differed in the different classes. In one class it
ended with the formulation of the general problem. Another class already arrived at
substantial contributions to its solution. In yet another class, possible contributions to its
solution were not yet recognized as such.
   It did not matter, however, that the process proceeded differently for different (groups
of) pupils in the indicated ways. One reason is that the activity itself, which is basically
of the 'devise - carry out - conclude' type, is not very sensitive to these differences as
long as it is appropriately managed by the teacher (see section 9.4.1 for the importance
of this proper management). It is not very sensitive, for instance, to the intentions with
which the various experiments are proposed and carried out, as long as a rich enough
variety of experiments is proposed and carried out. Both for the pupils who had not (yet)
taken on an hypothetical attitude and for those who had, it was worthwhile to carry out
more proposals to make the apple radioactive: for the former to show that the new
experiments will lead to the desired result; for the latter to open-mindedly and somewhat
systematically find answers to the general problem. The activity is also not very
sensitive to when (groups of) pupils come to draw which conclusions or ask which
questions. Another reason why it did not matter that the process proceeded differently
for different (groups of) pupils, is that the activity was followed by activities that are not
very sensitive to its outcomes. The task in which it was asked how fishes in the Irish Sea
could have become radioactive, for instance, simply was relatively easy for the pupils
who had already arrived at substantial contributions to the solution of the problem, while
it was very useful for those who had not yet recognized possible contributions as such or
had only arrived at the problem itself.
   So a general, and perhaps obvious, suggestion is the following. If there are good
reasons to expect that the process will proceed somewhat differently for different
(groups of) pupils, one will have to take that into account in the construction of a
didactical structure by choosing an appropriate activity (or a sequence of activities) that
is not very sensitive to the expected differences. A more concrete suggestion is that
suitable such activities may be ones of the type 'devise - carry out - conclude.'
My final conclusion is that the didactical structure that has been evaluated and presented
in this chapter and the preceding one, with the suggested adjustments and improvements
incorporated in it, is a worthwhile piece of empirically based science educational theory.
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OCKPVCKPGF VJCV CV NGCUV HQT VJG VKOG DGKPI KV TGHNGEVGF JGT DGUV YC[ QH UWTXKXKPI KP VJG ENCUU
TQQO 5Q KH VJGTG YCU VQ DG C HWTVJGT EQQRGTCVKQP YKVJ VJKU VGCEJGT KV YQWNF JCXG VQ DG
CEEQORCPKGF D[ CP KPUGTXKEG VTCKPKPI KP OCPCIKPI QTFGT RTQDNGOU
*QYGXGT CPF CV VJG VKOG SWKVG WPGZRGEVGFN[ HQT OG VJG VGCEJGT JGTUGNH FGEKFGF VJCV VJGTG
YCU PQV IQKPI VQ DG C HWTVJGT EQQRGTCVKQP 6JG TGUWNVU QH VJG VGUV VJCV HQNNQYGF VJG UGTKGU QH
NGUUQPU JCF TGCYQMGP JGT QNF UEGRVKEKUO 6JG VGUV EQPUKUVGF HQT CDQWV VYQVJKTF QH TCVJGT
UVCPFCTF VCUMU 
CDQWV JCNHNKHG VJG FKHHGTGPV RGPGVTCVKPI RQYGT QH VJG FKHHGTGPV MKPFU QH
TCFKCVKQP VJG PWODGT QH RTQVQPU PGWVTQPU CPF GNGEVTQPU VJCV C IKXGP KUQVQRG EQPUKUVU QH GVE
KG GZGTEKUGU QH VJG V[RG VJCV EQWNF EQOG WR KP VJG GZCOKPCVKQP CPF HQT CDQWV QPGVJKTF
QH VCUMU VJCV FGOCPFGF UQOG KPUKIJV 
KP GI VJG RQKPV QH FKUVKPIWKUJKPI DGVYGGP EQP
VCOKPCVKQP CPF KTTCFKCVKQP +V VWTPGF QWV VJCV IGPGTCNN[ VJG RWRKNU CPUYGTGF VJG UVCPFCTF VCUMU
UWHHKEKGPVN[ YGNN VJQWIJ PQV QXGTYJGNOKPIN[ UQ DWV VJG KPUKIJVVCUMU TCVJGT RQQTN[ + FKF
PQV OCMG OWEJ QH VJQUG VGUV TGUWNVU QT CV CP[ TCVG + HQWPF VJGO SWKVG WPFGTUVCPFCDNG (QT
CU + JCXG CNTGCF[ PQVGF VJG CFFKVKQPCN CEVKXKVKGU YJKEJ GZRNKEKVN[ CKOGF CV KPUKIJV YGPV RCUV
OQUV RWRKNU (WTVJGTOQTG VJG CFFKVKQPCN CEVKXKVKGU YGTG PQV DCEMGF WR D[ YQTMUJGGVU CPF
CNUQ FKF PQV HKV PKEGN[ KPVQ VJG WPKV 4CFKCVKQP [QW ECPPQV GXCFG KV (QT OG CNN VJKU OGCPV
VJCV CFFKPI LWUV C HGY CEVKXKVKGU YCU PQV UWHHKEKGPV #NVJQWIJ UQOG QH VJGO OKIJV DG WUGHWN
VJG[ JCF VQ KPVGITCVGF KP C UVTWEVWTG VJCV YCU SWKVG FKHHGTGPV HTQO VJG UVTWEVWTG QH VJG WPKV
4CFKCVKQP [QW ECPPQV GXCFG KV CPF JCF VQ DCEMGF WR D[ YTKVVGP OCVGTKCN VJCV YQWNF UGTXG
CU C JQNF HQT RWRKNU +P UJQTV + YQWNF JCXG VQ YTKVG O[ QYP UGTKGU QH NGUUGPU CPF VJCV YCU
RTGEKUGN[ YJCV + YCU IQKPI VQ FQ (QT VJG VGCEJGT JQYGXGT VJG TGUWNVU QH VJG VGUVU EQPHKTOGF
JGT GCTNKGT UEGRVKEKUO $GNQY + IKXG UQOG HTCIOGPVU QH JGT XGTDCN GZRNCPCVKQP QH JGT FGEKUKQP
VQ SWKV
+H + NQQM CV VJG GPQTOQWU COQWPV QH VKOG + JCXG URGPV QP KV CPF VJCV VJG RCTV VJCV FQGU NCVGT
EQOG WR HQT GZCOKPCVKQP VJCV CNTGCF[ VJCV RCTV KU PQV TGCNN[ TKIJV CPF VJCV VJKU =VJG RCTV
TGNCVKPI VQ KPUKIJV --? CRRCTGPVN[ CNUQ JCU PQV IQV CETQUU VJGP + UC[ YGNN VJKU KU YTQPI
VJKU KU C YCUVG QH O[ VKOG RGTKQF
6JGUG RWRKNU =OKFFNG CDKNKV[ RWRKNU --? JCXG DGGP VCWIJV VTKEMU CPF OGOQT[ CKFU HTQO
RTKOCT[ UEJQQN QP QVJGTYKUG VJG[ FQ PQV OCMG KV VJTQWIJ VJCV UEJQQN #PF VJGP [QW ECPPQV
KP UKZ YGGMU CNN CV QPEG CKO CV KPUKIJV CPF HQTIGV VJCV VJGTG KU UQOGVJKPI NKMG CP GZCOKP
CVKQP YCKVKPI HQT VJGO VJCV VJG[ YKNN JCXG VQ FQ 5Q + VJKPM VJCV KP VJKU EQPVGZV KV KU KPFGGF
WPHGCUKDNG =VQ CKO CV KPUKIJV --?
+ JCXG HQNNQYGF [QWT TQCF CNN CNQPI CPF KH + PQY NQQM CV YJCV KV JCU [KGNFGF VJGP + VJKPM
YGNN KH + JCF FQPG KV O[ YC[ KV YQWNF JCXG VCMGP OG C NGUU VKOG CPF VJG VGUV YQWNF JCXG
DGGP OCFG DGVVGT =? 0QV VJG UGEQPF RCTV =VJG KPUKIJVVCUMU --? VJG OWNVKRNG EJQKEG =VJG
UVCPFCTF VCUMU --? 6JGP + YQWNF JCXG UJKHVGF VJG GORJCUKU #PF VJGP + VJKPM UKORN[ HTQO
VJG RQKPV QH XKGY QH O[ RWRKNU VJCV KU YJCV VJG[ JCXG VQ MPQY #PF VJGP + YKNN FQ O[ DGUV
VQ CNUQ DTKPI KP VJQUG QVJGT VJKPIU DWV CNTGCF[ DGHQTGJCPF + CEEGRV VJCV VJCV YKNN NCTIGN[ DG
C YCUVGF GHHQTV + VQNF [QW UQ CV VJG DGIKPPKPI [QW ECP VT[ KV DWV + FQP	V VJKPM VJCV KV YKNN
YQTM #PF VJGP + CO YQTMKPI QP KV CPF VJGP + CO TGCNN[ GPVJWUKCUVKE CPF VJGP CPF + FKF
VGTTKDN[ GPLQ[ FQKPI KV + YQWNF NKMG VQ CNYC[U YQTM NKMG VJKU DWV YGNN + LWUV PQVKEG VJCV
KV JCU JCF NKVVNG QT PQ GHHGEV WR VQ PQY
+ VJKPM YG JCXG FQPG CNN VJCV YG EQWNF JCXG FQPG KP VJKU EQPVGZV =UJG NCVGT URGEKHKGU VJKU VQ
YKVJ VJGUG RWRKNU KP VJGUG VKOGU YKVJ VJKU RTGXKQWU GFWECVKQP --? + YQWNF PQV MPQY YJCV
GNUG [QW UJQWNF JCXG FQPG
# 2TQDNGO2QUKPI #RRTQCEJ

9JGTGCU HQT OG VJG YJQNG VJKPI UVKNN JCF VQ DGIKP HQT VJG VGCEJGT KV YCU CNN QXGT YJGTGCU
+ VJQWIJV VJG VKOG YCU TKRG VQ NC[ O[ QYP TQCF UJG VJQWIJV UJG JCF CNTGCF[ HQNNQYGF O[
TQCF CNN CNQPI CPF YKVJ NKVVNG QT PQ GHHGEV
+P QTFGT VQ HKPF C PGY VGCEJGT UQOG JGCFU QH RJ[UKEU YGTG CRRTQCEJGF YKVJ VJG SWGUVKQP
YJGVJGT VJG[ MPGY C IQQF CPF GZRGTKGPEGF VGCEJGT VJCV OKIJV DG YKNNKPI VQ RCTVKEKRCVG KP
CP GFWECVKQPCN GZRGTKOGPV +P VJKU RTQEGUU VJG VGCEJGT VJCV + YQTMGF YKVJ HQT VJG TGUV QH O[
TGUGCTEJ ECOG HQTYCTF +P UGEVKQP  VJKU VGCEJGT KU EJCTCEVGTK\GF +P QTFGT VQ ECTGHWNN[
RTGRCTG C RTQFWEVKXG YQTMKPI TGNCVKQP VJG VGCEJGT CPF + VQQM SWKVG UQOG VKOG VQ IGV
CESWCKPVGF +P UGEVKQP  + TGRQTV QP VJKU RTGRCTCVQT[ RGTKQF +P UGEVKQP  + IQ KPVQ
UQOG CURGEVU QH QWT EQQRGTCVKQP FWTKPI VJG 
TGEQPUVTWEVKQP QH VJG FKFCEVKECN UVTWEVWTG +P
UGEVKQP  HKPCNN[ + VT[ VQ IQ DG[QPF VJKU QPG VGCEJGT CPF OQTG IGPGTCNN[ CFFTGUU VJG
SWGUVKQP YJCV KV OGCPU HQT C VGCEJGT VQ YQTM YKVJ C FKFCEVKECN UVTWEVWTG VJCV KU 	IQQF
GPQWIJ	
 %JCTCEVGTK\CVKQP QH VJG VGCEJGT
6JG VGCEJGT + YQTMGF YKVJ YCU DQTP KP  *G ITCFWCVGF HTQO C EQNNGIG QH GFWECVKQP KP
 DWV QPN[ VCWIJV HQT CDQWV VYQOQPVJU CV C RTKOCT[ UEJQQN $[OGCPU QH UQOG TGHTGUJGT
EQWTUGU JG KP  CESWKTGF C SWCNKHKECVKQP VQ VGCEJ RJ[UKEU CPF EJGOKUVT[ CV VJG .$1 CPF
/#81 V[RGU QH GFWECVKQP CPF CV VJG HKTUV VJTGG [GCTU QH VJG *#81 CPF 891 V[RGU QH
GFWECVKQP 
EH UGEVKQP  (TQO  VQ  JG VCWIJV RJ[UKEU CPF EJGOKUVT[ CV C UEJQQN
YJKEJ EQPUKUVGF QPN[ QH C /#81UVTGCO +P  VJKU UEJQQN OGTIGF YKVJ CPQVJGT UEJQQN
VQ HQTO C UEJQQN HQT /#81 *#81 CPF 891 +V KU CV VJKU UEJQQN VJCV WR VQ VJKU FC[ JG
JCU VCWIJV RJ[UKEU CPF EJGOKUVT[ CV VJG NGXGNU JG KU SWCNKHKGF HQT +V KU VJWU CNUQ VJG UEJQQN
CV YJKEJ JG JCU YQTMGF YKVJ VJG XCTKQWU XGTUKQPU QH VJG FKFCEVKECN UVTWEVWTG 6JG CDQXG OC[
UWHHKEG VQ KNNWUVTCVG VJCV JG KU C XGT[ GZRGTKGPEGF VGCEJGT
6JG JGCF QH RJ[UKEU VJCV TGEQOOGPFGF JKO CNUQ CUUWTGF WU VJCV JG KU C IQQF VGCEJGT KG
C VGCEJGT QH YJQO RWRKNU UC[ VJCV JG KU C IQQF VGCEJGT + CNUQ IQV VJKU KORTGUUKQP D[
QDUGTXKPI UQOG QH JKU NGUUQPU KP VJG RTGRCTCVQT[ RGTKQF 
EH UGEVKQP  6JGTG YCU C
RNGCUCPV CPF RTQFWEVKXG YQTMKPI CVOQURJGTG KP JKU NGUUQPU VJGTG YGTG JCTFN[ CP[ QTFGT
RTQDNGOU CPF KH UQOGETQRRGFWR VJG VGCEJGT WUWCNN[OCPCIGF VQ KOOGFKCVGN[ CPF GHHGEVKXGN[
FGCN YKVJ VJGO + YQWNF JCXG EJCTCEVGTK\GF JKO CU 	UVTKEV DWV PKEG	 QT 	PKEG DWV UVTKEV	 +P
QTFGT VQ UQOGYJCV HWTVJGT UWDUVCPVKCVG VJGUG ENCKOU VJG UQ ECNNGF 3WGUVKQPPCKTG QP 6GCEJGT
+PVGTCEVKQP 
36+ YCU CFOKPKUVGTGF VQ VJG VGCEJGT CPF UGXGTCN QH JKU ENCUUGU 6JG 36+ YJKEJ
YCU FGXGNQRGF KP VJG GCTN[ GKIJVKGU D[ %T¾VQP  9WDDGNU 
 KU CP KPUVTWOGPV VQ
EJCTCEVGTK\G VJG CHHGEVKXG ENKOCVG QH VJG NGCTPKPI GPXKTQPOGPV CU RGTEGKXGF D[ VJG
RCTVKEKRCPVU 
RWRKNU CPF VGCEJGT +H YG TQWIJN[ FKUEGTP VYQ CURGEVU QH VGCEJGT DGJCXKQWT
C OGVJQFQNQIKECN QPG VJCV TGNCVGU VQ EQPVGPV RTGUGPVCVKQP CPF KPUVTWEVKQPCN OGVJQFU CPF CP
KPVGTRGTUQPCN QPG VJCV JCU VQ FQ YKVJ VJG VGCEJGT	U KPVGTRGTUQPCN CEVKQPU VJCV ETGCVG CPF
OCKPVCKP C RQUKVKXG ENCUUTQQO CVOQURJGTG VJG 36+ ECP DG UCKF VQ ECRVWTG VJG NCVVGT CURGEV
QH VGCEJGT DGJCXKQWT $[ FKUEGTPKPI VJGUG VYQ CURGEVU + FQ PQV OGCP VQ FGP[ QH EQWTUG VJCV
VJG[ CTG KPVGTEQPPGEVGF 9WDDGNU  .GX[ 
D PQVG KP VJKU TGURGEV VJCV =K?H VJG SWCNKV[
6JG VGCEJGT	U TQNG

QH VJG ENCUUTQQO GPXKTQPOGPV FQGU PQV OGGV EGTVCKP DCUKE EQPFKVKQPU VJG OGVJQFQNQIKECN
CURGEV NQUGU KVU UKIPKHKECPEG +P HCEV EQPEGTPKPI VJG VGCEJGTYJQUG NGUUQPU + QDUGTXGF FWTKPI
VJG HKTUV [GCT QH O[ TGUGCTEJ + JCXG OCFG C UKOKNCT TGOCTM 
EH UGEVKQP 
6JG 36+ NGCFU VQ C EJCTCEVGTK\CVKQP QH KPVGTRGTUQPCN VGCEJGT DGJCXKQWT KP VGTOU QH GKIJV
FKHHGTGPV V[RGU QH KPVGTRGTUQPCN DGJCXKQWT YJKEJ ECP DG TGRTGUGPVGF KP C VYQFKOGPUKQPCN
RNCPG 
EH HKIWTG 
(KIWTG  6JG OQFGN HQT KPVGTRGTUQPCN VGCEJGT DGJCXKQWT 
(KIWTG  KP 9WDDGNU  .GX[ C
6JG VYQ FKOGPUKQPU QH VJG RNCPG JCXG DGGP NCDGNNGF 	RTQZKOKV[	 CPF 	KPHNWGPEG	 6JG
	RTQZKOKV[FKOGPUKQP	 KPFKECVGU VJG VGCEJGT	U FGITGG QH EQQRGTCVKQP YKVJ QT ENQUGPGUU VQ
RWRKNU QP C UECNG DGVYGGP 1RRQUKVKQP 
1 CPF %QQRGTCVKQP 
% 6JG 	KPHNWGPEGFKOGPUKQP	
KPFKECVGU VJG GZVGPV VQ YJKEJ VJG VGCEJGT FKTGEVU QT EQPVTQNU VJG KPVGTCEVKQP YKVJ RWRKNU QP
C UECNG DGVYGGP 5WDOKUUKQP 
5 CPF &QOKPCPEG 
& +P HKIWTG  VJG GKIJV FKHHGTGPV V[RGU
QH DGJCXKQWT CTG TGRTGUGPVGF D[ VJG GKIJV UGEVQTU &% %& GVE CEEQTFKPI VQ VJGKT RQUKVKQP
KP VJG EQQTFKPCVG U[UVGO 
OWEJ NKMG VJG FKTGEVKQPU QP C EQORCUU (QT GZCORNG VJG VYQ
UGEVQTU&% CPF%&CTG DQVJ EJCTCEVGTK\GF D[&QOKPCPEG CPF%QQRGTCVKQP +P VJG&% UGEVQT
JQYGXGT VJG &QOKPCPEG CURGEV RTGXCKNU QXGT VJG %QQRGTCVKQP CURGEV 
9WDDGNU %T¾VQP
.GX[  *QQ[OC[GTU  +P HKIWTG  GCEJ QH VJG GKIJV UGEVQTU KU CNUQ EJCTCEVGTK\GF
KP YQTFU DQVJ DTKGHN[ 
&% D[ 	NGCFGTUJKR	 %& D[ 	JGNRKPI HTKGPFN[	 GVE CPF UQOGYJCV
OQTG GNCDQTCVGN[ KP VGTOU QH EJCTCEVGTKUVKE VGCEJGT DGJCXKQWT
# 2TQDNGO2QUKPI #RRTQCEJ
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6JG SWGUVKQPPCKTG KVUGNH VJG 36+ QH YJKEJ VJGTG KU C &WVEJ CPF CP #OGTKECP XGTUKQP KU
FKXKFGF KPVQ GKIJV UECNGU YJKEJ EQPHQTO VQ VJG GKIJV UGEVQTU QH VJG OQFGN +P VJG &WVEJ
XGTUKQP GCEJ UGEVQT UECNG EQPUKUVU QH CDQWV VGP KVGOU 
UGXGPV[UGXGP KP VQVCN YJKEJ CTG
CPUYGTGF QP C HKXGRQKPV .KMGTV UECNG 6JG #OGTKECP XGTUKQP JCU UKZV[HQWT KVGOU CPF C
UKOKNCT TGURQPUG UECNG 
KDKF (QT C FKUEWUUKQP QH VJG TGNKCDKNKV[ CPF XCNKFKV[ QH VJG 36+ +
TGHGT VQ $TGMGNOCPU GV CN 

(KIWTG  #XGTCIG VGCEJGTU	 RGTEGRVKQPU QH KFGCN VGCEJGT DGJCXKQWT CPF CXGTCIG UVWFGPVU	 RGTEGRVKQPU
QH DGUV CPF YQTUV VGCEJGTU KP VJG 7PKVGF 5VCVGU 
(KIWTG  KP 9WDDGNU  .GX[ C
'CEJ EQORNGVGF SWGUVKQPPCKTG [KGNFU C UGV QH GKIJV UECNG UEQTGU YJKEJ CTG VJGP EQODKPGF
KPVQ C RTQHKNG  5ECNG UEQTGU GSWCN VJG UWO QH CNN KVGO UEQTGU CPF CTG TGRQTVGF KP C TCPIG
DGVYGGP \GTQ CPF QPG # UECNG UEQTG QH 	QPG	 KPFKECVGU VJCV CNN DGJCXKQWTU KP C UECNG CTG
CNYC[U 
QT XGT[ OWEJ FKURNC[GF # 	\GTQ	 KU VJG QRRQUKVG VJG CDUGPEG QH UECNG DGJCXKQWTU
6JG RTQHKNG TGRTGUGPVU VJG VGCEJGT	U EQOOWPKECVKQP UV[NG CU RGTEGKXGF D[ VJG VGCEJGT QT JKU
QT JGT UVWFGPVU +V KU WUWCNN[ FGRKEVGF KP C ITCRJ YKVJ UECNG UEQTGU TGRTGUGPVGF D[ UJCFKPI
KP GCEJ UGEVQT 
9WDDGNU %T¾VQP .GX[  *QQ[OC[GTU  (KIWTG  EQPVCKPU VJTGG
GZCORNGU QH UWEJ ITCRJKECNN[ TGRTGUGPVGF RTQHKNGU 6JG[ FGTKXG HTQO VJTGG FKHHGTGPV V[RGU
QH FCVC 5VWFGPVU KP 6JG 0GVJGTNCPFU VJG 7PKVGF 5VCVGU CPF #WUVTCNKC YGTG CUMGF VQ TCVG
VJGKT DGUV VGCEJGTU QP VJG36+#NUQ VGCEJGTU KP VJG VJTGG EQWPVTKGU RTQXKFGF UGNHRGTEGRVKQPU
CDQWV VJGKT KFGCN DGJCXKQWT (KPCNN[ C UOCNNGT ITQWR QH &WVEJ UVWFGPVU EQORNGVGF VJG 36+
HQT C VGCEJGT VJG[ VJQWIJV QH CU VJGKT YQTUV (KIWTG =? UJQYU VJG CXGTCIG UEQTGU HQT VJGUG
VJTGG ITQWRU KP VJG 7PKVGF 5VCVGU 6JG TGUWNVU CTG UKOKNCT HQT VJG QVJGT EQWPVTKGU 
.GX[ GV
CN  (KIWTG  OC[ DG CPQVJGT RTQHKNG QH KPVGTGUV +V UJQYU VJG CXGTCIG QH 
UVWFGPVU	 RGTEGRVKQPU HQT C TCPFQO UCORNG QH  &WVEJ VGCEJGTU 
KDKF 5Q KP C UGPUG KV
TGRTGUGPVU VJG EQOOWPKECVKQP UV[NG QH VJG OGCP &WVEJ VGCEJGT CU RGTEGKXGF D[ UVWFGPVU
6JG VGCEJGT	U TQNG

(KIWTG  #XGTCIG UVWFGPVU	 RGTEGRVKQPU QH TCPFQO UCORNG QH &WVEJ VGCEJGTU 
(KIWTG  KP
9WDDGNU  .GX[ C
$[ WUKPI C XCTKGV[ QH ENWUVGTKPI RTQEGFWTGU CPF UKOKNCTKV[ OGCUWTGU $TGMGNOCPU 
 JCU
GUVCDNKUJGF C TGNKCDNG CPF UVCDNG V[RQNQI[ QH GKIJV V[RGU QH EQOOWPKECVKQP UV[NG UWEJ VJCV
GCEJ RTQHKNG QWV QH C NCTIG PWODGT QH RTQHKNGU QH &WVEJ #OGTKECP CPF #WUVTCNKCP VGCEJGTU
DGNQPIU VQ QPG QH VJGUG GKIJV V[RGU $[ EQODKPKPI 36+ FCVC YKVJ FGUETKRVKXG FCVC QH ENCUU
TQQO CVOQURJGTG $TGMGNOCPU JCU CNUQ IKXGP C FGUETKRVKQP QH GCEJ QH VJG GKIJV
EQOOWPKECVKQP UV[NGU KP VGTOU QH VGCEJGTUVWFGPV DGJCXKQWTU CPF NGCTPKPI GPXKTQPOGPV
EJCTCEVGTKUVKEU $TGMGNOCPU GV CN 
 EQPVCKPU HQT GCEJ QH VJG GKIJV EQOOWPKECVKQP UV[NGU
DQVJ VJGOGCP RTQHKNG EQTTGURQPFKPI VQ KV CPF KVU FGUETKRVKQP KP VGTOU QH NGCTPKPI GPXKTQPOGPV
EJCTCEVGTKUVKEU
+ JQRG VJG CDQXG IKXGU UWHHKEKGPV KPHQTOCVKQP QP VJG 36+ #U + JCXG CNTGCF[ PQVGF VJG 36+
JCU CNUQ DGGP CFOKPKUVGTGF VQ VJG VGCEJGT CPF VQ UGXGTCN QH JKU ENCUUGU VJCV YQTMGF YKVJ C
XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG
(KIWTG  6JG VGCEJGT	U RGTEGRVKQP QH KFGCN VGCEJGT DGJCXKQWT 
C VJG VGCEJGT	U RGTEGRVKQP QH JKU
KPVGTRGTUQPCN DGJCXKQWT KP QPG QH JKU ENCUUGU 
D VJCV ENCUU	 RGTEGRVKQP QH VJG VGCEJGT	U
KPVGTRGTUQPCN DGJCXKQWT 
E
6JG RTQHKNG KP HKIWTG C KU VJG TGUWNV QH VJG VGCEJGT	U EQORNGVKQP QH VJG 36+ KP VGTOU QH
JKU KFGCN DGJCXKQWT HKIWTG D KU VJG TGUWNVKPI RTQHKNG QH VJG VGCEJGT	U EQORNGVKQP QH VJG
36+ HQT JKU DGJCXKQWT KP QPG RCTVKEWNCT ENCUU 
KP HCEV QPG QH VJG ENCUUGU KP YJKEJ VJG HKTUV
# 2TQDNGO2QUKPI #RRTQCEJ
 + YCPV VQ VJCPM 4QD *QWYGP HQT VJG CPCN[UGU QH VJG 36+ FCVC HQT RTQFWEKPI VJG RTQHKNGU NKMG VJQUG KP HKIWTG 
CPF HQT FGVGTOKPKPI VJG V[RG QH EQOOWPKECVKQP UV[NG VQ YJKEJ GCEJ QH VJGO DGNQPIU

XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG YCU VTKGF HKIWTG E TGRTGUGPVU VJG VGCEJGT	U
EQOOWPKECVKQP UV[NG CU RGTEGKXGF D[ VJG RWRKNU KP VJCV RCTVKEWNCT ENCUU 
KV EQTTGURQPFU VQ VJG
ENCUU OGCPU QH VJGKT EQORNGVKQP QH VJG 36+ 6JG RTQHKNGU EQTTGURQPFKPI VQ VJG VGCEJGT	U
RGTEGRVKQP CPF VJG RWRKNU	 RGTEGRVKQP QH VJG VGCEJGT	U EQOOWPKECVKQP UV[NG KP QVJGT ENCUUGU
CTG UKOKNCT VQ HKIWTGU D CPF E TGURGEVKXGN[ +P HCEV KP VGTOU QH $TGMGNOCPU	 V[RQNQI[
CNN VJQUG RTQHKNGU CTG QH VJG V[RG VJCV UJG JCU NCDGNNGF 	#WVJQTKVCVKXG	 +P $TGMGNOCPU GV CN

 KV KU EJCTCEVGTK\GF CU HQNNQYU
6JG #WVJQTKVCVKXG CVOQURJGTG KU YGNNUVTWEVWTGF RNGCUCPV CPF VCUMQTKGPVGF 4WNGU CPF
RTQEGFWTGU CTG ENGCT CPF UVWFGPVU FQP	V PGGF TGOKPFGTU 6JG[ CTG CVVGPVKXG CPF IGPGTCNN[
RTQFWEG DGVVGT YQTM VJCP VJGKT RGGTU KP VJG &KTGEVKXG =CPQVJGT ECVGIQT[ KP VJG V[RQNQI[ --?
VGCEJGT	U ENCUUGU 6JG #WVJQTKVCVKXG VGCEJGT KU GPVJWUKCUVKE CPF QRGP VQ UVWFGPVU	 PGGFU *G
QT UJG VCMGU C RGTUQPCN KPVGTGUV KP VJGO CPF VJKU EQOGU VJTQWIJ KP VJG NGUUQPU 9JKNG JKU QT
JGT HCXQWTKVG OGVJQF KU VJG NGEVWTG VJG #WVJQTKVCVKXG VGCEJGT HTGSWGPVN[ WUGU QVJGT VGEJ
PKSWGU 6JG NGUUQPU CTG YGNN RNCPPGF CPF NQIKECNN[ UVTWEVWTGF *G QT UJG KU EQPUKFGTGF VQ DG
C IQQF VGCEJGT D[ UVWFGPVU
6JG VGCEJGT	U KFGCN EQOOWPKECVKQP UV[NG 
KG VJG QPG VJCV EQTTGURQPFU VQ VJG RTQHKNG QH HKIWTG
C KU QH VJG V[RG VJCV $TGMGNOCPU JCU NCDGNNGF 	6QNGTCPV CPF #WVJQTKVCVKXG	 +P
$TGMGNOCPU GV CN 
 KV KU EJCTCEVGTK\GF CU HQNNQYU
6QNGTCPV#WVJQTKVCVKXG VGCEJGTU OCKPVCKP C UVTWEVWTG YJKEJ UWRRQTVU UVWFGPV TGURQPUKDKNKV[
CPF HTGGFQO 6JG[ WUG C XCTKGV[ QH OGVJQFU VQ YJKEJ UVWFGPVU TGURQPF YGNN 6JG[ HTGSWGPVN[
QTICPK\G VJGKT NGUUQPU CTQWPF UOCNN ITQWR YQTM 9JKNG VJG ENCUU GPXKTQPOGPV TGUGODNGU 6[RG
 =VJG CDQXG 	#WVJQTKVCVKXG	 V[RG --? VJG 6QNGTCPV#WVJQTKVCVKXG VGCEJGT FGXGNQRU ENQUGT
TGNCVKQPUJKRU YKVJ UVWFGPVU 6JG[ GPLQ[ VJG ENCUU CPF CTG JKIJN[ KPXQNXGF KP OQUV NGUUQPU
$QVJ UVWFGPVU CPF VGCEJGT ECP QEECUKQPCNN[ DG UGGP NCWIJKPI CPF VJGTG KU XGT[ NKVVNG PGGF VQ
GPHQTEG VJG TWNGU 6JG VGCEJGT KIPQTGU OKPQT FKUTWRVKQPU EJQQUKPI KPUVGCF VQ EQPEGPVTCVG
QP VJG NGUUQP 5VWFGPVU YQTM VQ TGCEJ VJGKT QYP CPF VJG VGCEJGT	U KPUVTWEVKQPCN IQCNU YKVJ
NKVVNG QT PQ EQORNCKPVU
*GTGD[ + JQRG VQ JCXG UWHHKEKGPVN[ EJCTCEVGTK\GF VJG KPVGTRGTUQPCN CURGEV QH VJG VGCEJGT	U
ENCUUTQQO DGJCXKQWT .GV OG ENQUG VJKU UGEVKQP D[ PQVKPI VJCV VJG SWCNKV[ QH VJG ENCUUTQQO
GPXKTQPOGPV VJCV JG OCPCIGU VQ ETGCVG KU UWEJ VJCV VJG OGVJQFQNQIKECN CURGEV QP YJKEJ O[
TGUGCTEJ OCKPN[ HQEWUGU EQWNF KPFGGF DG IKXGP HWNN EQPUKFGTCVKQP +P FGXKUKPI VJG FKFCEVKECN
UVTWEVWTG YG JCXG DGGP KP VJG NWZWTKQWU RQUKVKQP VJCV YJCVGXGT VGEJPKSWG QT KPUVTWEVKQPCN
OGVJQF YG RTQRQUGF 
DG KV ITQWR YQTM ENCUU FKUEWUUKQP GZRGTKOGPVCN YQTM QT EQORNGZ
EQODKPCVKQPU QH VJGUG YG EQWNF CNYC[U EQWPV QP VJG VGCEJGT	U CDKNKV[ VQ UCVKUHCEVQTKN[ JCPFNG
VJGO
 # RTGRCTCVQT[ RGTKQF
6JG VGCEJGT	U TQNG

$GHQTG VJG VGCEJGT CPF + FGEKFGF VQ EQQRGTCVG QP CP GFWECVKQPCN GZRGTKOGPV YG JCF CP
GZRNQTCVQT[ VCNM KP YJKEJ + VQNF UQOGVJKPI CDQWV O[ KFGCU EQPEGTPKPI VJG GZRGTKOGPV CPF
VJG VGCEJGT CDQWV JKU CVVKVWFG VQYCTFU KV + VQNF JKO VJCV + YCPVGF RWRKNU VQ OGCPKPIHWNN[ NGCTP
CDQWV VJG VQRKE QH TCFKQCEVKXKV[ VJCV TGEGPV TGUGCTEJ JCF UJQYP VJCV VJKU CKO YCU XGT[ QHVGP
PQV TGCEJGF 
PQV LWUV HQT VJG VQRKE QH TCFKQCEVKXKV[ DWV HQT CNOQUV CP[ VQRKE CPF VJCV RCTV
QH VJKU HCKNWTG OKIJV DG FWG VQ VJG HCEV VJCV OQUV CRRTQCEJGU FQ PQV UVCTV HTQO YJGTG RWRKNU
CTG +V CNOQUV UGGOU CU VJQWIJ HQT RWRKNU VJG UEKGPVKHKE MPQYNGFIG VJG[ 	NGCTP	 KU UQOGVJKPI
CNKGP VJCV QPN[ JCU CRRNKECVKQP KP VJG UEKGPEG ENCUUTQQO + CNUQ VQNF JKO CDQWV VJG ECWUG QH
QWT JCXKPI VJKU GZRNQTCVQT[ VCNM CPQVJGT VGCEJGT	U FGEKUKQP VQ SWKV CPF YJ[ VJCV QVJGT
VGCEJGT JCF FGEKFGF UQ 
EH UGEVKQP  1H EQWTUG + YQWNF NKMG VQ RTGXGPV C TGRGVKVKQP QH
VJCV UKVWCVKQP +P QTFGT VQ FQ UQ + VQNF JKO + JCF HKTUV QH CNN RNCPPGF C SWKVG GZVGPUKXG RGTKQF
VQ ECTGHWNN[ RTGRCTG C RTQFWEVKXG YQTMKPI TGNCVKQP 5Q VCMKPI CP CEVKXG RCTV KP VJKU
RTGRCTCVQT[ RGTKQF YQWNF DG QPG VJKPI + GZRGEVGF JKO VQ FQ KH JG FGEKFGF VQ EQQRGTCVG
1VJGT VJKPIU YQWNF DG VJCV JG JGNRGF KP YTKVKPI PGY VGCEJKPI OCVGTKCNU 
KP VJG HKTUV KPUVCPEG
KP C EQOOGPVKPI TQNG YQTMGF YKVJ VJGUG PGY OCVGTKCNU 
YJKNG VJG TGNGXCPV NGUUQPU YGTG
DGKPI XKFGQVCRGF GVE 9JCV JG YQWNF IGV KP TGVWTP YGTG VYQ PQPVGCEJKPI RGTKQFU CPF C
RKGEG QH KPUGTXKEG VTCKPKPI VJCV JQRGHWNN[ YCU IQKPI VQ DG WUGHWN HQT JKO
1H EQWTUG + CNUQ YCPVGF VQ MPQY JQY JG HGNV CDQWV VJG CKO QH O[ TGUGCTEJ JQYGXGT XCIWG
KV YCU +P RCTVKEWNCT + YCPVGF VQ MPQY KP VJG EQPVGZV QH RTGXGPVKPI C TGRGVKVKQP QH VJG
UKVWCVKQP YKVJ VJG RTGXKQWU VGCEJGT YJGVJGT QT PQV JG UJCTGF JGT UEGRVKECN CVVKVWFG 6JG
VGCEJGT UCKF VQ TGEQIPK\G VJCV MPQYNGFIG FQGU PQV CNYC[U HWPEVKQP KP VJG UGPUG VJCV RWRKNU
ECPPQV CRRN[ KV *G VQNF VJCV JG VJKPMU VJCV KU C RTQDNGO KV HTWUVTCVGU 5Q JG UWURGEVGF VJCV
JG UQOGJQYYQTMGF QP VJCV RTQDNGO CNVJQWIJ KV YCU PQV C EQPUEKQWU GNGOGPV QH JKU VGCEJKPI
RTCEVKEG #V CP[ TCVG HTQO YJCV + JCF VQNF JKO JG UCKF VQ JCXG ICVJGTGF VJCV RCTVKEKRCVKPI
KP O[ TGUGCTEJ YQWNF IKXG JKO VJG QRRQTVWPKV[ VQ GZRNKEKVN[ VJKPM CPF NGCTP CDQWV CP CVVGORV
VQ VCEMNG VJCV RTQDNGO CPF JG EGTVCKPN[ FKF PQV CNTGCF[ DGHQTGJCPF EQPUKFGT UWEJ CP CVVGORV
VQ DG C NQUV ECWUG +P HCEV JG UCKF VQ UGG PQ TGCUQP YJ[ KPUKIJV YQWNF DG KORQUUKDNG HQT
OKFFNG CDKNKV[ RWRKNU (KPCNN[ VJG VGCEJGT UCKF VQ JQRG VJCV D[ RCTVKEKRCVKPI KP O[ TGUGCTEJ
JG EQWNF NGCTP UQOGVJKPI VJCV OKIJV CNUQ DG QH WUG HQT QVJGT VQRKEU VJCP VJG VQRKE QH
TCFKQCEVKXKV[ (TQO VJKU + ICVJGTGF VJCV CV NGCUV JG JCF C PQPPGICVKXG CVVKVWFG VQYCTFU 
VJG
CKO QH O[ TGUGCTEJ
1P VJG DCUKU QH VJKU GZRNQTCVQT[ VCNM VJG VGCEJGT CPF + FGEKFGF VQ EQQRGTCVG +P VJKU UGEVKQP
+ TGRQTV QP VJG HKTUV UVCIG QH QWT EQQRGTCVKQP VJG RTGRCTCVQT[ RGTKQF +P UGEVKQP  +
UMGVEJ VJG CKOU RTQEGFWTG CPF QWVNKPG QH VJKU RTGRCTCVQT[ RGTKQF KP UGEVKQP  + UMGVEJ
VJG YC[ KV FGXGNQRGF CPF OGPVKQP UQOG QH KVU OCKP QWVEQOGU
 #KOU RTQEGFWTG CPF QWVNKPG
6JG OCKP CKO QH VJG RTGRCTCVQT[ RGTKQF YCU VQ RTGRCTG C RTQFWEVKXG HWVWTG YQTMKPI TGNCVKQP
YKVJ TGURGEV VQ YTKVKPI VT[KPI GVE PGY VGCEJKPI OCVGTKCNU +P C RTQEGUU KP YJKEJ JG ECOG
VQ HCOKNKCTK\G JKOUGNH YKVJ 
VJG CKO QH O[ TGUGCTEJ CPF + ECOG VQ HCOKNKCTK\G O[UGNH YKVJ
JKU YC[ QH VGCEJKPI YG YQWNF JCXG VQ FGXGNQR C EQOOQP YC[ QH VCNMKPI CDQWV VGCEJKPI CPF
NGCTPKPI KP IGPGTCN CPF CDQWV VGCEJKPI CPF NGCTPKPI VJG VQRKE QH TCFKQCEVKXKV[ KP RCTVKEWNCT
6JG RTGRCTCVQT[ RGTKQF VQQM RNCEG FWTKPI VJG HCNN QH  +P VJCV RGTKQF + XKUKVGF CDQWV QPG
NGUUQP RGT YGGM OQUVN[ KP QPG QH VJG ENCUUGU KP YJKEJ NCVGT KP VJG UEJQQN [GCT VJG HKTUV
# 2TQDNGO2QUKPI #RRTQCEJ

XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG YCU IQKPI VQ DG VTKGF (WTVJGTOQTG VJG VGCEJGT CPF + JCF
GNGXGP OGGVKPIU QH CDQWV VYQ JQWTU GCEJ 6JG VGCEJGT	U RTGRCTCVKQP QH C OGGVKPI EQPUKUVGF
KP JKU FQKPI UQOG JQOGYQTM 
QH CDQWV VYQ JQWTU RGT OGGVKPI /QUVN[ VJG JQOGYQTM VCUMU
YGTG IKXGP D[ OG GI UVWF[ VJG UKOKNCTKVKGU CPF FKUUKOKNCTKVKGU DGVYGGP VYQ WPKVU QP VJG
VQRKE QH TCFKQCEVKXKV[ UVWF[ UQOG VTCPUETKRVU QH KPVGTXKGYU YKVJ RWRKNU CDQWV OQNGEWNGU QT
TCFKQCEVKXKV[ CPF TGNCVG VJGUG VQ [QWT QYP VGCEJKPI CDQWV VJQUG VQRKEU UVWF[ UQOG VTCPUETKRVU
QH HTCIOGPVU QH NGUUQPU QP VJG CVQOKE OQFGN 
YJCV CTG RWRKNU	 FKHHKEWNVKGU CPF FQ [QW
TGEQIPK\G VJGUG FKHHKEWNVKGU HTQO [QWT QYP GZRGTKGPEG! UVWF[ C FGUETKRVKQP QH RWRKNU	
GZKUVKPI MPQYNGFIG CDQWV TCFKQCEVKXKV[ 
CNQPI VJG NKPGU QH UGEVKQP  QH VJKU VJGUKU CPF
EQOOGPV QP KV 1EECUKQPCNN[ VJG VGCEJGT CNUQ UGV JKU QYP JQOGYQTM VCUM GI ECTT[ QWV
C UOCNN UECNG SWGUVKQPPCKTG UVWF[ KP QPG ENCUU CV JKU UEJQQN CPF CPCN[\G VJG TGUWNVU /[
RTGRCTCVKQP WUWCNN[ VQQM OG CDQWV QPG YQTMKPI FC[ +V EQPUKUVGF QH VJKPIU NKMG UGNGEVKPI
WUGHWN JQOGYQTM VCUMU HQT VJG VGCEJGT CPVKEKRCVKPI JKU TGCEVKQPU VQ KV CPF VJKPMKPI QH YC[U
VQ DWKNF QP VJCV KP QTFGT VQ ENCTKH[ UQOG QH O[ KFGCU CDQWV VGCEJKPI CPF NGCTPKPI 
VJG VQRKE
QH TCFKQCEVKXKV[ UVWF[KPI VJG EQPXGTUCVKQP YG JCF FWTKPI C RTGXKQWU OGGVKPI 
VJG OGGVKPIU
YGTG TGEQTFGF QP CWFKQVCRG CPF OCMKPI C TGHNGEVKXG TGRQTV QH KV KP QTFGT VQ KFGPVKH[ VJGOGU
VJCV FGUGTXGF C HWTVJGT VTGCVOGPV KP NCVGT OGGVKPIU VJKPMKPI QH YC[U VQ KPVGITCVG YJCV + JCF
PQVKEGF FWTKPI XKUKVU QH NGUUQPU KP QWT OGGVKPIU
5QOG QH VJG VJGOGU VJCV ECOG WR FWTKPI VJG OGGVKPIU YGTG VJG CKO QH VJG RTGRCTCVQT[
RGTKQF CPF CP QWVNKPG QH KV VJG VGPFGPE[ VQ DCUG WPKVU QP VJG VQRKE QH TCFKQCEVKXKV[ QP RCTVKENG
OQFGNU 
EH UGEVKQP  VJG YC[ UWEJ 	OQFGNU	 CTG QHVGP WPFGTUVQQF D[ RWRKNU CPF KVU
EQPUGSWGPEGU HQT VJGKT NGCTPKPI CDQWV TCFKQCEVKXKV[ 
EH UGEVKQP  RCTCNNGNU DGVYGGP VJG
VGCEJGT	U CPF O[ NGCTPKPI RTQEGUU FWTKPI VJG OGGVKPIU QP VJG QPG JCPF CPF RWRKNU	 NGCTPKPI
QP VJG QVJGT VJG VGCEJGT	U TQNG YKVJ TGURGEV VQ EQPVGPV JQNFKPI DCEM XGTUWU UVGGTKPI VJG
MPQYNGFIG VJCV UGGOU VQ DG TGSWKTGF HQT CP CFGSWCVG WPFGTUVCPFKPI QH 
VJG RQUUKDNG FCPIGTU
QH FCKN[ NKHG UKVWCVKQPU JCXKPI VQ FQ YKVJ TCFKQCEVKXKV[ VJG WUGHWNPGUU QH VJG OGGVKPIU
6JG VGCEJGT	U JQOGYQTM HQT VJG HKPCN OGGVKPI QH VJG RTGRCTCVQT[ RGTKQF YCU VQ YTKVG C
TGXKGY QH KV QP YJCV JG JCF NGCTPGF HTQO KV QP YJGVJGT VJTQWIJ KV JG HGNV RTGRCTGF HQT C
HWTVJGT EQQRGTCVKQP GVE +P VJG HKPCN OGGVKPI YG FKUEWUUGF JKU TGXKGY 6JG VQVCNKV[ QH O[
TGHNGEVKXG TGRQTVU QH GCEJ OGGVKPI ECP DG UGGP CU O[ TGXKGY QH VJG RTGRCTCVQT[ RGTKQF
5GEVKQP  KU DCUGF QP KV
 &GXGNQROGPV CPF QWVEQOGU
#V VJG DGIKPPKPI QH VJG RTGRCTCVQT[ RGTKQF + JCF UQOG KFGCU CDQWV VJGOGU VJCV + YCPVGF VQ
DTKPI WR HQT FKUEWUUKQP 
EH VJG RTGXKQWU UGEVKQP DWV + FKF PQV TGCNN[ JCXG OWEJ KFGCU CDQWV
JQY VQ UVTWEVWTG GCEJ QH VJG OGGVKPIU CDQWV C UWKVCDNG QTFGT KP VJG VJGOGU + YCPVGF VQ DTKPI
WR HQT FKUEWUUKQP CDQWV WUGHWN JQOGYQTM VCUMU HQT VJG VGCEJGT GVE +P HCEV VJG NCVVGT KFGCU
ITCFWCNN[ FGXGNQRGF FWTKPI VJG OGGVKPIU CPF CNUQ CU C TGUWNV QH O[ OCMKPI TGHNGEVKXG TGRQTVU
QH GCEJ QH VJG OGGVKPIU $GNQY + UMGVEJ CPF GZGORNKH[ VJGUG FGXGNQROGPVU VJG WUG QH O[
TGIWNCT XKUKVU VQ NGUUQPU IKXGP D[ VJG VGCEJGT CPF UQOG QH VJG OCKP VJKPIU VJG VGCEJGT CPF
+ JCXG NGCTPGF HTQO VJG OGGVKPIU
6JG UVTWEVWTG VJCV VJG OGGVKPIU ITCFWCNN[ CUUWOGF
#HVGT C YJKNG VJG UVTWEVWTG QH VJG OGGVKPIU DGVYGGP VJG VGCEJGT CPF OG YCU DCUGF QP QWT
CYCTGPGUU VJCVYG CRRTQCEJGF GFWECVKQPCNOCVVGTU FKHHGTGPVN[ CPFYKVJ FKHHGTGPV GZRGTKGPEGU
6JG VGCEJGT	U TQNG

CPF VQQM VJG HQTO QH VT[KPI VQ OCMG GZRNKEKV GCEJ QVJGT	U CRRTQCEJ CPF GZRGTKGPEGU YJKNG
FKUEWUUKPI EQPETGVG OCVGTKCN 
VTCPUETKRVU QH NGUUQPU CPF KPVGTXKGYU YKVJ RWRKNU TGUWNVU QH
SWGUVKQPPCKTGU VGZVDQQMU VJKPIU VJCV JCRRGPGF KP C NGUUQP + XKUKVGF GVE $GNQY + GZGORNKH[
JQY CP CPCN[UKU QH VJG GCTNKGT OGGVKPIU ICXG TKUG VQ VJKU UVTWEVWTG CPF JQY VJKU UVTWEVWTG YCU
OCFG GZRNKEKV
6JG HKTUV OGGVKPI YCU C DTKGH QPG CPF EQPEGTPGF VJG RTQEGFWTCN CURGEVU QH HWVWTG OGGVKPIU

JQY QHVGP JQY NQPI JQY OWEJ RTGRCTCVKQP GVE 6JG UGEQPF OGGVKPI YCU VJG HKTUV QPG
KP YJKEJ YG FKUEWUUGF KUUWGU 6JG VJGOG + YCPVGF VQ DTKPI WR VJGP YCU VJG QDXKQWUPGUU QH
VJG VGPFGPE[ VQ DCUG C WPKV QP VJG VQRKE QH TCFKQCEVKXKV[ QP RCTVKENG OQFGNU +P QTFGT VQ HKTUV
QH CNN OCMG ENGCT VJKU VGPFGPE[ + UGNGEVGF VYQ UWEJ WPKVU 
VJG WPKV KP VJG VGZVDQQM VJG VGCEJGT
PQTOCNN[ WUGF CPF VJG WPKV4CFKCVKQP [QW ECPPQV GXCFG KV YJKEJ CNVJQWIJ VJG[ CTG SWKVG
FKHHGTGPV YKVJ TGURGEV VQ GI EQPVGPV RTGUGPVCVKQP GUUGPVKCNN[ JCXG VJG UCOG UVTWEVWTG 5Q
VJG JQOGYQTM VCUM + ICXG VQ VJG VGCEJGT YCU VQ UVWF[ VJQUG VYQ WPKVU CPF ECRVWTG VJG OCKP
NKPGU QH VJG YC[ GCEJ QH VJGO KU DWKNF WR + GZRGEVGF VJCV VJWU JG YQWNF CNUQ HKPF VJCV VJG
VYQ WPKVU CTG GUUGPVKCNN[ VJG UCOG CPF KP RCTVKEWNCT DQVJ DGIKP YKVJ VJG RTGUGPVCVKQP QH C
PWENGCT 	OQFGN	 
6JKU YQWNF VJGP CNNQY OG VQ CUM YJGVJGT KV KU QDXKQWU VQ DGIKP KP VJCV
YC[ /QTG QT NGUU HQT VJG UCMG QH EQORNGVGPGUU + CFFGF VQ VJG JQOGYQTM CUUKIPOGPV VJG
SWGUVKQP YJCV VJG FKHHGTGPEGU DGVYGGP VJG WPKVU CTG +V VWTPGF QWV VJCV VJG VGCEJGT JCF KPFGGF
PQVKEGF VJG UKOKNCTKV[ KP UVTWEVWTG YJKEJ JG HTCOGF CU 	YJCV CVQOU CTG YJCV TCFKCVKQP KU
JQY TCFKCVKQP GOGTIGU YJCV VJG GHHGEVU QH TCFKCVKQP CTG	 DWV VJCV JG YCU OQUV UVTWEM D[
VJG FKHHGTGPEGU DGVYGGP VJG VYQ WPKVU *G HQWPF VJG WPKV 4CFKCVKQP [QW ECPPQV GXCFG KV
OWEJ OQTG RWRKNHTKGPFN[ GURGEKCNN[ HQT OKFFNG CDKNKV[ RWRKNU DGVVGT IGCTGF VQ VJGO CPF
OQTG UWTXG[CDNG HQT VJGO (QT KV EQPUKUVU QH TGNCVKXGN[ UJQTV CPF GCUKN[ TGCFCDNG RKGEGU QH
KPHQTOCVKQP GCEJ QH YJKEJ KU HQNNQYGF D[ UQOG SWGUVKQPU VJCV FKTGEVN[ TGHGT VQ KV KV EQPVCKPU
TGIWNCT CPF UJQTV UWOOCTKGU GVE 6JG QVJGT WPKV KP EQPVTCUV EQPVCKPU OCP[ NQPI UVTGVEJGU
QH VGZV YKVJ VQQ JKIJ C NGXGN QH FKHHKEWNV[ YJKEJ CU YCU VJG VGCEJGT	U GZRGTKGPEG C OKFFNG
CDKNKV[ RWRKN UKORN[ ECPPQV IGV VJTQWIJ
1WT FKHHGTGPV CRRTQCEJ ECP KP VJKU ECUG DG EJCTCEVGTK\GF CU QWT NC[KPI C FKHHGTGPV GORJCUKU
#NVJQWIJ + PQVKEGF VJG FKHHGTGPEG KP EQPVGPV RTGUGPVCVKQP 
CPF JCF KP HCEV UGNGEVGF VJG VYQ
WPKVU DGECWUG QH VJKU FKHHGTGPEG + GORJCUK\GF VJG UKOKNCTKV[ YKVJ TGURGEV VQ UVTWEVWTG #PF
CNVJQWIJ VJG VGCEJGT PQVKEGF VJKU UKOKNCTKV[ JG GORJCUK\GF VJG FKHHGTGPEG KP EQPVGPV
RTGUGPVCVKQP 6JG VGCEJGT	U GORJCUKU ECP DG UCKF VQ TGHNGEV JKU RTCEVKECN CPF RTCIOCVKE
CRRTQCEJYKVJ CP KOOGFKCVG NKPM VQ JKU GXGT[FC[ VGCEJKPI GZRGTKGPEG 1PG QH VJG HKTUV VJKPIU
JG CUMGF OG YJGP FKUEWUUKPI VJG VYQ WPKVU YCU YJCV FQ [QW JCXG KP OKPF UQOGVJKPI NKMG
VJKU WPKV QT UQOGVJKPI NKMG VJCV QPG! /[ QYP GORJCUKU ECP DG UCKF VQ TGHNGEV O[ OQTG
VJGQTGVKECN CRRTQCEJYJKEJ KU CNUQ TGNCVGF VQ GZKUVKPI VGCEJKPI RTCEVKEG DWVOQTG KP VJG UGPUG
QH NQQMKPI CV KV HTQO UQOG FKUVCPEG CPF DTKPIKPI KV WR HQT FKUEWUUKQP KP VJKU ECUG VJG
QDXKQWUPGUU QH VJG GZKUVKPI VGPFGPE[ VQ DCUG C WPKV QP VJG VQRKE QH TCFKQCEVKXKV[ QP RCTVKENG
OQFGNU
9JCV GPCDNGF VJG VGCEJGT VQ CNUQ DTKPI KP JKU RQKPVU YCU VJG RCTV QH VJG JQOGYQTM CUUKIPOGPV
VJCV CUMGF HQT FKUUKOKNCTKVKGU DGVYGGP VJG VYQ WPKVU + JCXG CNTGCF[ OGPVKQPGF VJCV CV VJG VKOG
+ OQTG QT NGUU CEEKFGPVCNN[ KPENWFGF VJCV SWGUVKQP KP VJG JQOGYQTM CUUKIPOGPV QT JCF CV
CP[ TCVG PQV KPENWFGF KV KP QTFGT VQ CNNQY VJG VGCEJGT VQ DTKPI HQTYCTF JKU RQKPVU +H QPN[ HQT
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VJG TGCUQP VJCV KP C RGTKQF QH IGVVKPI CESWCKPVGF VJG VGCEJGT UJQWNF CNUQ DG IKXGP VJG
QRRQTVWPKV[ VQ DTKPI HQTYCTF JKU QYP RQKPVU HQT HWVWTG OGGVKPIU + XGT[ EQPUEKQWUN[ VTKGF
VQ FGXKUG UWEJ JQOGYQTM VCUMU VJCV VJG VGCEJGT YKVJ JKU OQTG RTCIOCVKE CRRTQCEJ CPF +
YKVJ O[ OQTG VJGQTGVKECN CRRTQCEJ EQWNF GCEJ DTKPI HQTYCTF QWT QYP RQKPVU VJWU OCMG
GZRNKEKV GCEJ QVJGT	U CRRTQCEJ CPF GZRGTKGPEGU CPF VJWU CNUQ NGCTP HTQO GCEJ QVJGT +PFGGF
KV YCU PQV LWUV QWV QH RQNKVGPGUU VJCV VJG VGCEJGT YCU IKXGP VJG QRRQTVWPKV[ VQ DTKPI HQTYCTF
JKU QYP RQKPVU CPF VJG HCEV VJCV KP VJG OGGVKPIU + PCVWTCNN[ JCF VQ VCMG VJG KPKVKCVKXG FKF PQV
KORN[ VJCV QPN[ VJG VGCEJGTYCU UWRRQUGF VQ NGCTP UQOGVJKPI + CNUQ NGCTPGF HTQO VJG VGCEJGT
6JG VGCEJGT	U EQORCTKUQP QH VJG VYQ WPKVU HQT KPUVCPEG OCFG OG TGCNK\G VJCV KP VJG NCVGT
YTKVKPI QH PGY VGCEJKPI OCVGTKCNU + YQWNF JCXG VQ UGTKQWUN[ FGXKCVG HTQOO[ PQTOCN YTKVKPI
UV[NG +PUVGCF + YQWNF JCXG VQ YTKVG TGNCVKXGN[ UJQTV CPF UKORN[ EQPUVTWEVGF UGPVGPEGU VJCV
YQWNF JCXG VQ DG QTICPK\GF KP C YJQNG VJCV KU GCUKN[ UWTXG[CDNG HQT OKFFNG CDKNKV[ RWRKNU
#V NGCUV KP VJCV TGURGEV UQ + NGCTPGF HTQO VJG VGCEJGT + UJQWNF VCMG VJG WPKV 4CFKCVKQP [QW
ECPPQV GXCFG KV CU CP GZCORNG
+P NCVGT OGGVKPIU + CNUQ VTKGF VQ OCMG VJKU UVTWEVWTG QH QWT OGGVKPIU GZRNKEKV D[ KNNWUVTCVKPI
KV CV GZCORNGU NKMG VJG QPG CDQXG D[ GZRNKEKVN[ VGNNKPI QPG CPQVJGT YJCV GCEJ NGCTPGF HTQO
VJG QVJGT CPF JQY VJCV TGNCVGU VQ VJG QVJGT	U CRRTQCEJ D[ FTCYKPI RCTCNNGNU DGVYGGP QWT
NGCTPKPI HTQO GCEJ QVJGT CPF RWRKNU	 NGCTPKPI HTQO VJGKT VGCEJGT 
QT VGCEJGT	U NGCTPKPI HTQO
JKU QT JGT RWRKNU +P VJG HKHVJ OGGVKPI KP YJKEJ COQPI QVJGT VJKPIU YG NQQMGF DCEM QP VJG
RTGXKQWU OGGVKPIU VJG VGCEJGT CNUQ TGEQIPK\GF VJG UVTWEVWTG VJCV VJG OGGVKPIU JCF CUUWOGF
+ FQ CNUQ UGPUG KV NKMG VJCV 6JCV YG CTG HGGNKPI QWV ECVEJKPI WR HTQO GCEJ QVJGT + JGCT PGY
VJKPIU [QW NGCTP PGY VJKPIU 1DXKQWUN[ [QW VCMG VJG KPKVKCVKXG 9GNN VJCV	U JQY + UGG KV [QW
CTG +	O JGTG HQT [QW + VJKPM [QW JCXG VQ VCMG VJG KPKVKCVKXG + VJKPM + IGV CNN TQQO +H +
FYGNN QP UQOGVJKPI VJGP VJGTG UKORN[ KU VKOG HQT VJCV VJGP YG UKORN[ MGGR QP VCNMKPI CDQWV
VJCV UWDLGEV + WR VQ PQY + CEVWCNN[ VJKPM KV	U IGVVKPI GCUKGT CPF GCUKGT HQT OG 6JG HKTUV
VKOG + VJQWIJV ,GUWU KV NQQMU NKMG CP GZCOKPCVKQP QT KV NQQMU NKMG + JCXG VJG HGGNKPI VJCV
+	O DGKPI KPVGTTQICVGF CDQWV YJCV + FQ CPF FQ PQV MPQY #PF PQY + FQP	V JCXG VJCV CV CNN
9G	TG UKORN[ HGGNKPI QWV JQY FQ YG VJKPM CDQWV UQOG VJKPIU!
.CVGT QP VJG VGCEJGT VQNF OG VJCV JKU KPKVKCN HGGNKPI CNUQ FGTKXGF HTQO JKU PQV HGGNKPI XGT[
UCHG CV VJG VKOG *G VJG FWOD VGCEJGT JCF VQ IQ VQ C RNCEG YJGTG JG FKF PQV TGCNN[ DGNQPI
6JG 7PKXGTUKV[
1H EQWTUG VJG VGCEJGT CPF + ITCFWCNN[ ITGY ENQUGT VQ GCEJ QVJGT 9JGP KP NCVGT OGGVKPIU YG
GI FKUEWUUGF UQOG VTCPUETKRVU QH NGUUQPU VJG VGCEJGT YQWNF DTKPI HQTYCTF RQKPVU VJCV + CNUQ
HQWPF TGNGXCPV CPF HQT XGT[ OWEJ VJG UCOG TGCUQPU 6JG OCKP FKHHGTGPEG DGVYGGP WU VJGP
YCU VJCV + WUWCNN[ DTQWIJV HQTYCTF OQTG UKOKNCT UWEJ RQKPVU YJKEJ VJG VGCEJGT CHVGT +
DTQWIJV VJGO HQTYCTF OQUVN[ CNUQ TGEQIPK\GF CU UKOKNCT #V HKTUV VJKU FKHHGTGPEG KP SWCPVKV[
ICXG VJG VGCEJGT VJG KORTGUUKQP VJCV JG JCF PQV FQPG JKU JQOGYQTM YGNN GPQWIJ CPF KP HCEV
OCFG JKO HGGN UQTV QH IWKNV[ 1H EQWTUG + VJGP VQNF JKO VJCV VJGTG YCU PQ PGGF HQT UWEJ
KORTGUUKQPU CPF HGGNKPIU 1P VJG EQPVTCT[ VJG HCEV VJCV JG HQEWUGF QP XGT[ OWEJ VJG UCOG
RQKPVU CU + FKF YCU GXKFGPEG HQT VJG HCEV VJCV QWT CRRTQCEJGU EQPXGTIGF YKVJ TGURGEV VQ UQOG
VJGOGU 6JG FKHHGTGPEG DGVYGGP WU VJGP PQ NQPIGT YCU C OCVVGT QH FKHHGTGPV CRRTQCEJGU DWV
TCVJGT QH FKHHGTGPV COQWPVU QH VKOG URGPV QP JQOGYQTM CUUKIPOGPVU
5JKHVU KP VJGOG HTQO EQPVGPV VQ FKFCEVKEU
6JG VGCEJGT	U TQNG
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6JGTG WUWCNN[ CNUQ YCU C UJKHV KP VJGOG KP GCEJ OGGVKPI YJKEJ CV HKTUV CICKP QEEWTTGF TCVJGT
CEEKFGPVCNN[ DWV CHVGT + JCF PQVKEGF KV KP GCTNKGT OGGVKPIU YCU RNCPPGF OQTG EQPUEKQWUN[
KP NCVGT OGGVKPIU + YQWNF EJCTCEVGTK\G VJG UJKHV CU QPG HTQO EQPVGPV VQ FKFCEVKEU .GV OG
CICKP VT[ VQ KNNWUVTCVG VJKU CV VJG OGGVKPI KP YJKEJ VJG VYQ WPKVU YGTG EQORCTGF 6JG SWGUVKQP
EQPEGTPKPI VJG UKOKNCTKV[ DGVYGGP VJG VYQ WPKVU ECP DG UCKF VQ FGCN YKVJ EQPVGPV KP VJG UGPUG
VJCV KVU CPUYGT KU VJCV YKVJ TGURGEV VQ EQPVGPV VJG VYQ WPKVU CTG GUUGPVKCNN[ VJG UCOG 1P VJG
DCUKU QH VJCV CPUYGT YJKEJ CU CNTGCF[ PQVGF VJG VGCEJGT JCF CNUQ IKXGP QWT FKUEWUUKQP
ITCFWCNN[ FGXGNQRGF KP C FKFCEVKECN FKTGEVKQP KP VJG UGPUG VJCV VJG UVTWEVWTG QH VJG EQPVGPV
RTGUGPVCVKQP YCU TGNCVGF VQ VGCEJKPI CPF NGCTPKPI 6Q O[ SWGUVKQP YJ[ VJG WPKVU DGIKP YKVJ
CVQOKE OQFGNU VJG VGCEJGT	U KPKVKCN TGURQPUG YCU CU HQNNQYU
6JKU DQQM UKORN[ CUUWOGU VJCV + NCVGT JCXG VQ VGNN CDQWV VJQUG KUQVQRGU YKVJ YJKEJ
UQOGVJKPI URGEKCN KU WR UQ + HKTUV JCXG VQ VGNN YJCV KUQVQRGU CTG =? +P QTFGT VQ VGCEJ VJG
EQPEGRV 	KUQVQRG	 VJG[ HKTUV JCXG VQ MPQY UQOGVJKPI CDQWV CVQOKE OQFGNU QVJGTYKUG [QW ECP	V
GZRNCKP KV $WV [QW VJKPM KV ECP DG FQPG FKHHGTGPVN[!
6JG VGCEJGT	U CTIWOGPV KU QH EQWTUG XCNKF YKVJKP VJG GZKUVKPI UVTWEVWTG QH VJG WPKVU $WV KV
YCU VJKU UVTWEVWTG VJCV + YCPVGF VQ DTKPI WR HQT FKUEWUUKQP + VTKGF VQ FQ UQ D[ PQVKPI VJCV
DGIKPPKPI YKVJ CVQOKE OQFGNU KU NKMG DGIKPPKPI QP VJG OQUV CFXCPEGF NGXGN +U KV PQV RQUUKDNG
VQ CNTGCF[ UC[ UQOGVJKPI CDQWV TCFKQCEVKXG RJGPQOGPC YKVJQWV WUKPI RCTVKENGU YKVJQWV
KOOGFKCVGN[ IQKPI FGGRN[ KPVQ VJG VJGQT[ DGJKPF VJGO!6JKU CV NGCUVOCFG VJG VGCEJGT WPFGT
UVCPF VJCV + YCPVGF UQOGVJKPI VJCV FKHHGTGF HTQO VJG GZKUVKPI UVTWEVWTG
;QW FQP	V YCPV VQ DGIKP YKVJ UVTCKIJV VQ VJG UOCNNGUV RCTVKENG CPF GXGT[VJKPI KU EQPPGEVGF
VQ VJQUG UOCNNGUV RCTVKENGU ;QW YCPV VQ DGIKP YKVJ YJCV FQGU JCRRGP JQY EQWNF VJCV DG
UGCTEJ CTQWUG KPVGTGUV CPF HKTUV URGPF UQOG VKOG QP VJCV DGHQTG YG IQ OQTG FGGRN[ KPVQ
KV TKIJV!
+ VJGP VTKGF VQ NKPM WR YKVJ JKU 	VQ CTQWUG KPVGTGUV	 KP VJG UGPUG QH 	VQ KPFWEG C PGGF HQT C
FGGRGT GZRNCPCVKQP	 CP GZRNCPCVKQP CV CP[ TCVG QH UQOGVJKPI VJG[ CNTGCF[ MPQY CV C RJGPQO
GPQNQIKECN NGXGN 6JG VGCEJGT RWV VJKU KP JKU QYP YQTFU CU HQNNQYU
9QWNF VJG[ DG OQTG KPSWKUKVKXG VJCV TGCNN[ KU OQTG GCIGT VQ NGCTP CDQWV VJG RCTVKENG OQFGN
KH VJG[ CTG IQKPI VQ JGCT CDQWV KV NCVGT! (KTUV YJCV KU KV CPF YJCV FQ YG PQVKEG QH KV CPF
GHHGEVU UNQYN[ UGVVNKPI KP CPF QPN[ VJGP VJG GZRNCPCVKQPU
6JKU 	VQ OCMG RWRKNU GCIGT VQ NGCTP CDQWV UQOGVJKPI	 YJKEJ HKVVGF KPVQ O[ FGXGNQRKPI KFGCU
CDQWV C RTQDNGORQUKPI CRRTQCEJ KU C FKFCEVKECN VJGOG VJCV QHVGP TGEWTTGF KP QWT UWDUGSWGPV
OGGVKPIU
#PQVJGT OQTG FKFCEVKECN VJGOG VJCV VJG VGCEJGT JCF RKEMGF WR HTQO VJKU OGGVKPI KU VJG
HQNNQYKPI KU QPG VJKPI TGCNN[ PGGFGF CU C RTGRCTCVKQP HQT UQOGVJKPI GNUG! 6JKU VWTPGF QWV
YJGP UGXGTCN OGGVKPIU NCVGT JG ECOG DCEM QP JKU GCTNKGT UVCVGOGPV VJCV KP QTFGT VQ VGCEJ
VJG EQPEGRV 	KUQVQRG	 VJG[ HKTUV JCXG VQ MPQY UQOGVJKPI CDQWV CVQOKEOQFGNU QVJGTYKUG [QW
ECPPQV GZRNCKP KV CPF EQPENWFGF VJCV KV KU RQUUKDNG VQ VCNM CDQWV KUQVQRGUYKVJQWV HKTUV JCXKPI
VQ VCNM CDQWV CVQOKE OQFGNU YJKEJ YCU KP HCEV JKU HKTUV UVGR KP NQQUGPKPI JKOUGNH HTQO VJG
GZKUVKPI UVTWEVWTG *KU TGCUQPKPI YCU VJCV CNN VJCV KU TGCNN[ PGGFGF VQ WPFGTUVCPF VJG EQPEGRV
QH KUQVQRGU KU VJG KFGC QH UNKIJVN[ FKHHGTGPV VJKPIU *G WUGF VJG GZCORNG QH C DCI QH C JWPFTGF
YJKVG OCTDNGU QH YJKEJ QP ENQUGT QDUGTXCVKQP KV VWTPU QWV VJCV QPG JCU C NKVVNG ETCEM CPF QPG
C NKVVNG DNCEM URQV $[ ECNNKPI VJG VJTGG RQUUKDKNKVKGU 
RGTHGEV YJKVG OCTDNG OCTDNG YKVJ NKVVNG
ETCEM OCTDNG YKVJ NKVVNG DNCEM URQV VJTGG KUQVQRGU QH YJKVG OCTDNGU RWRKNU EQWNF VJWU IGV
VJG KFGC QH YJCV CP KUQVQRG KU YKVJQWV JCXKPI VQ MPQY CP[VJKPI CDQWV CVQOKE OQFGNU *G
YGPV QP D[ PQVKPI VJCV CNUQ KP C UWDUGSWGPV VTGCVOGPV QH CVQOKE KUQVQRGU VJGTG TGCNN[ YQWNF
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DG PQ PGGF VQ VCNM CDQWV RTQVQPU GNGEVTQPU QT FKHHGTKPI PWODGTU QH PGWVTQPU #NN VJCV PGGFU
VQ DG UCKF KU VJCV UQOG CVQOKE KUQVQRGU CTG FKHHGTGPV KP VJG UGPUG VJCV UQOGVJKPI URGEKCN ECP
JCRRGP VQ VJGO + VJGP GNCDQTCVGF QP VJG VJGOG VJG VGCEJGT DTQWIJV HQTYCTF HQT + DGNKGXGF
VJCV JG YCU XGT[ ENQUG VQ PQVKEKPI VJCV KV KU RQUUKDNG VQ VCNM CDQWV 	VJG UQOGVJKPI URGEKCN VJCV
ECP JCRRGP VQ VJGO	 KP QVJGT VGTOU VJCP EJCPIGU KP OKETQUEQRKE UVTWEVWTG + VTKGF VQ FQ UQ
D[ CFOKVVKPI JKU EQPENWUKQP VJCV KV KU RQUUKDNG VQ VCNM CDQWV KUQVQRGU YKVJQWV JCXKPI VQ VCNM
CDQWV CVQOKE OQFGNU CPF D[ IQKPI QPG UVGR HWTVJGT KU KV CNUQ RQUUKDNG VQ VCNM CDQWV
TCFKQCEVKXKV[ YKVJQWV JCXKPI VQ VCNM CDQWV KUQVQRGU! 6JG VGCEJGT VJWU ECOG VQ VJG KPUKIJV VJCV
KV KU RQUUKDNG D[ UKORN[ ECNNKPI UQOGVJKPI TCFKQCEVKXG KH C )GKIGT EQWPVGT UVCTVU VKEMKPI KP
KVU XKEKPKV[ + EQWNF VJGP CNUQ KPHQTO VJG VGCEJGT VJCV + JCF VJKU RQUUKDKNKV[ KP OKPF CU C OGCPU
VQ UVCTV WR VJG UGTKGU QH NGUUQPU YG YGTG IQKPI VQ FGXKUG
6JG FKFCEVKECN VJGOG DTQWIJV WR JGTG D[ VJG VGCEJGT CNUQ ECOG DCEM KP NCVGT OGGVKPIU
9JGP NCVGT QP YG GI FKUEWUUGF VJG IGPGTCN EQPUVTCKPVU QP VJG UGTKGU QH NGUUQPU YG YGTG
IQKPI VQ FGXKUG KV TGVWTPGF KP VJG HQNNQYKPI HQTO CP CEVKXKV[ UJQWNF DG OGCPKPIHWNN[
RTGRCTGF D[ RTGEGFKPI QPGU CPF OGCPKPIHWNN[ RTGRCTG HQNNQYKPI QPGU
9JGP VJKPMKPI CDQWV C UWKVCDNG QTFGT KP VJG VJGOGU + YCPVGF VQ DTKPI WR HQT FKUEWUUKQP +
CNUQ VTKGF VQ OCMG WUG QH VJG KFGC 	OCMKPI UQOGQPG GCIGT VQ NGCTP CDQWV UQOGVJKPI	 6JCV
KU + VTKGF VQ CTQWUG VJG VGCEJGT	U KPVGTGUV KP C PGY VJGOG QP VJG DCUKU QH RTGXKQWU VJGOGU
+P UQOG ECUGU + UWEEGGFGF KP VJKU 6JG VGCEJGT HQT GZCORNG WPFGTUVQQF YJ[ QP VJG DCUKU QH
VJG OGGVKPI KP YJKEJ VJG VYQ WPKVU YGTG FKUEWUUGF + ICXG JKO VJG JQOGYQTM CUUKIPOGPV
VQ UVWF[ UQOG KPVGTXKGYU KP YJKEJ RWRKNU YGTG RTQORVGF VQ IKXG RCTVKENG GZRNCPCVKQPU
;QW YCPV VQ IGV TKF QH VJCV RCTVKENG OQFGN KP [QWT PGY RNCPPKPI =? 9G VGCEJ VJGO VJCV
CNN TKIJV VJQUG RCTVKENGU CPF JQY CNN QH VJCV DWV ECP VJG[ VJGOUGNXGU JCPFNG VJCV VQQ! (QT
QH EQWTUG KH [QW HKPF QWV VJG[ ECPPQV JCPFNG VJCV CV CNN CPF JCXGP	V HQTOGF CP[ KFGC CV CNN
QH VJGP [QW YKNN DG QP UVTQPI ITQWPF KP UC[KPI YG JCXG VQ VT[ KV KP C FKHHGTGPV YC[
9JGP UJKHVKPI VQ C FKFCEVKECN VJGOG + QHVGP WUGF UWEJ EQPETGVG GZCORNGU HTQO QWT QYP
OGGVKPIU CU C OGCPU VQ DTKPI KV WR HQT FKUEWUUKQP +H RQUUKDNG + YQWNF HQT VJG UCOG RWTRQUG
CNUQ WUG EQPETGVG GZCORNGU HTQO VJG NGUUQPU + XKUKVGF
#RCTV HTQO UJKHVU HTQO EQPVGPV VQ FKFCEVKEU YKVJKP QPG OGGVKPI KP TGVTQURGEV + PQVKEG C
UKOKNCT UJKHV KP VJG EQWTUG QH VJG OGGVKPIU CU YGNN +P NCVGT OGGVKPIU YG OQTG QHVGP CPF OQTG
FKTGEVN[ FKUEWUUGF FKFCEVKECN VJGOGU GI RWRKNU GPVGT VJG ENCUUTQQO CU GORV[ XGUUGNU XGTUWU
RWRKNU JCXG C DCEMITQWPF CPF VJKU DCEMITQWPF KPHNWGPEGU VJGKT RCTVKEKRCVKQP GZRNCKPKPI
XGTUWU EJCNNGPIKPI RWRKNU VQ HKPF VJKPIU QWV D[ VJGOUGNXGU 
CU C HQTO QH OCMKPI VJGO GCIGT
VQ NGCTP CDQWV UQOGVJKPI CUMKPI RWRKNU SWGUVKQPU XGTUWU OCMKPI RWRKNU CUM SWGUVKQPU 
CU
C HQTO QH OCMKPI VJGO GCIGT VQ NGCTP CDQWV UQOGVJKPI
+P FKUEWUUKPI UWEJ VJGOGU VJG VGCEJGT YCU QH EQWTUG GURGEKCNN[ KPVGTGUVGF KP VJG
EQPUGSWGPEGU HQT JKU QYP TQNG KP VJG ENCUUTQQO +P HCEV QWT FKUEWUUKQP CDQWV JKU TQNG YCU
QPG CP QPIQKPI QPG +V EQPVKPWGF FWTKPI VJG HQNNQYKPI EQPUVTWEVKQP VT[QWV TGEQPUVTWEVKQP
GVE QH VJG FKFCEVKECN UVTWEVWTG 
EH UGEVKQP  +P VJG RTGRCTCVQT[ RGTKQF YG QHVGP VCNMGF
CDQWV VJG VGCEJGT	U TQNG KP TGNCVKQP VQ [GV CPQVJGT FKFCEVKECN VJGOG JQNFKPI DCEM XGTUWU
UVGGTKPI 9G VTKGF VQ UQTV QH VCMG UVQEM QH VJG XCTKQWU YC[U KP YJKEJ VJGUG VGTOU OKIJV DG
IKXGP EQPVGPV KH RQUUKDNG D[ WUKPI EQPETGVG GZCORNGU 5VGGTKPI QT JGNRKPI RWRKNU HQT
KPUVCPEG PGGF PQV QPN[ EQPUKUV KP GZRNCKPKPI 2WRKNU OKIJV GI CNUQ DG JGNRGF KP VJGKT
NGCTPKPI RTQEGUU D[ OCMKPI VJGO CTTKXG CV UQOG RTQDNGO VJCV VJG[ VJGOUGNXGU EQOG VQ UGG
6JG VGCEJGT	U TQNG
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CU YQTVJYJKNG VQ YQTM QP 	*QNFKPI DCEM	 QP VJG QVJGT JCPF KU PQV OGCPV CU 	YKVJFTCYKPI	
QT 	NCKUUGT HCKTG	 +V OKIJV GI DG IKXGP EQPVGPV KP VJG HQTO QH 	IGVVKPI KPVQ VJG UMKP QH VJG
RWRKNU	 CPF 	VT[KPI VQ NGCTP CNQPI YKVJ VJG RWRKNU	 5KPEG VJG RTGRCTCVQT[ RGTKQF YCU CNUQ
OGCPV CU C RTGRCTCVKQP HQT VJG EQOKPI EQPUVTWEVKQP QH C UGTKGU QH NGUUQPU KP VJG NCVGT
OGGVKPIU YG OQTG CPF OQTG DGICP VQ VCNM CDQWV VJCV CU YGNN 
CU RCTV QH QWT UJKHV VQYCTFU
OQTG FKFCEVKECN VJGOGU +P VJCV EQPVGZV KV YCU EQPENWFGF VJCV C UWDUVCPVKCN UVGGTKPI TQNG
UJQWNF CNUQ GOCPCVG HTQO VJG FGUKIP QH VJG UGTKGU QH NGUUQPU +P VJG EQPUVTWEVKQP QH VJG UGTKGU
QH NGUUQPU YG YQWNF JCXG VQ VJKPM QWV UWEJ VCUMU CPF UWEJ CP QTFGT KP VCUMU VJCV YG JCXG
CN TGCUQP VQ GZRGEV VJCV D[ YQTMKPI QP VJGO RWRKNU CTG UVGGTGF KP VJG FKTGEVKQP QH UQOG IQCN

GI VJGKT TGEQIPKVKQP QH UQOG RTQDNGO 	*QNFKPI DCEM	 OKIJV KP VJCV EQPVGZV DG IKXGP
EQPVGPV CU UQTV QH QRRQUKVG VQ 	UGGMKPI EQPHKTOCVKQP QH QWT GZRGEVCVKQPU	 QT 	RWTUWKPI QWT
IQCNU CV CNN EQUV	9JGTGCU VJG NCVVGT VYQ CVVKVWFGU FQ PQV RTGRCTG VJG ITQWPF HQT C OGCPKPIHWN
GXCNWCVKQP JQNFKPI DCEM KP VJG UGPUG QH VT[KPI VQ NGCTP CNQPI YKVJ VJG RWRKNU OC[ DTKPI VQ
VJG HQTG DQVJ VJG PGGF HQT CFLWUVOGPVU EQPEGTPKPI 
VJG QTFGT KP VCUMU GZRGEVCVKQPU CPFQT
IQCNU CPF UWIIGUVKQPU HQT RNCWUKDNG UWEJ CFLWUVOGPVU 
EH UGEVKQP 
7UG QH XKUKVU VQ NGUUQPU
1PG CKO QH VJG RTGRCTCVQT[ RGTKQF YCU VQ HCOKNKCTK\G O[UGNH YKVJ VJG VGCEJGT	U ENCUUTQQO
DGJCXKQWT KG KP VJG VGTOKPQNQI[ QH UGEVKQP  DQVJ YKVJ JKU OGVJQFQNQIKECN CPF JKU
KPVGTRGTUQPCN VGCEJKPI UV[NG +P VJKU TGURGEV O[ TGIWNCT XKUKVU VQ JKU NGUUQPU YGTG QH EQWTUG
WUGHWN 6JG[ YGTG CNUQ QH WUG HQT QWT OGGVKPIU JQYGXGT CU + PQY VT[ VQ KNNWUVTCVG .GV OG
HKTUV QH CNN TGRGCV VJCV KP QWT OGGVKPIU YG OCKPN[ HQEWUGF QP VJG OGVJQFQNQIKECN CURGEV 6JG
KPVGTRGTUQPCN CURGEV QH ENCUUTQQO DGJCXKQWT CPF KP RCTVKEWNCT VJG VGCEJGT	U KPVGTRGTUQPCN
VGCEJKPI UV[NG JCTFN[ ECOG WR KP QWT VCNMU +P VJG HKTUV RNCEG + FKF 
CPF FQ PQV HGGN EQORGVGPV
VQ FKUEWUU VJG NCVVGT CURGEV 5GEQPFN[ KV UGGOGF VQ OG VJCV KP JKU ECUG VJGTG YCU JCTFN[ CP[
TGCUQP VQ FKUEWUU KV 
EH UGEVKQP  5Q EQPEGTPKPI VJKU CURGEV + NKOKVGF O[UGNH VQ QEECUKQPCN
TGOCTMU JQY YGNN + VJQWIJV JG OCPCIGF VQ ETGCVG CPF OCKPVCKP C RNGCUCPV CPF RTQFWEVKXG
YQTMKPI CVOQURJGTG
'URGEKCNN[ FWTKPI QWT HKTUV OGGVKPIU + VTKGF VQ DTKPI HQTYCTF UQOG HGCVWTGU QH JKU
OGVJQFQNQIKECN VGCEJKPI UV[NG VJCV + JCF RKEMGF WR HTQO XKUKVKPI JKU NGUUQPU *G GI JCTFN[
GXGT ICXG C FKTGEV CPUYGT VQ RWRKNU	 SWGUVKQPU DWV KPUVGCF VTKGF VQ EJCNNGPIG VJGO VQ VJGO
UGNXGU HKPF VJG CPUYGT KH PGEGUUCT[ D[ IKXKPI UQOG ECUWCN ENWGU 	+ FQP	V MPQY DWV OKIJV
KV DG VJCV	 *G YQWNF VJGP UQOG VKOG NCVGT EQOG DCEM VQ UGG JQY VJG[ YGTG FQKPI CPF KH
PGEGUUCT[ JGNR VJGO[GV CPQVJGT DKV HWTVJGT 1WV QH GZCORNGU UWEJ CU VJGUG CPF VJG VGCEJGT	U
EQOOGPVU QP VJGO GXGPVWCNN[ ITGYFKFCEVKECN VJGOGU UWEJ CU GZRNCKPKPI XGTUWU EJCNNGPIKPI
RWRKNU VQ HKPF VJKPIU QWV D[ VJGOUGNXGU CUMKPI RWRKNU SWGUVKQPU XGTUWU OCMKPI RWRKNU CUM
SWGUVKQPU JQNFKPI DCEM XGTUWU UVGGTKPI
+P VJG CDQXG + JCXG CNTGCF[ TGRGCVGFN[ OGPVKQPGF VJKU CURGEV QH VJG WUG QH O[ XKUKVU QH
NGUUQPU KG VQ JCXG CXCKNCDNG EQPETGVG GZCORNGU VJCV DQVJ QH WU YKVPGUUGF 6JQUG GZCORNGU
EQWNF VJGP GI DG WUGF VQ OCMG GZRNKEKV GCEJ QVJGT	U CRRTQCEJ VQ UVCTV C FKUEWUUKQP CDQWV
HWTVJGT QT UKOKNCT GZRGTKGPEGU VQ DTKPI WR QT KNNWUVTCVG QVJGT FKFCEVKECN VJGOGU GVE
#PQVJGT CURGEV QH VJG WUG QH O[ XKUKVU QH NGUUQPU FGTKXGU HTQO VJG FKHHGTGPV CRRTQCEJGU QH
VJG VGCEJGT CPF OG 1PG QH O[ CKOU QH QWT FKUEWUUKQP QH UQOG KPVGTXKGYU KP YJKEJ KV YCU
VTKGF VQOCMGRWRKNU IKXG RCTVKENG GZRNCPCVKQPU HQT KPUVCPEG YCU VQ GZRNQTGYJ[ RWRKNU HCKNGF
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VQ FQ UQ CPF VJKU CKO TGHNGEVU O[ OQTG VJGQTGVKECN GORJCUKU 6JG VGCEJGT	U OQTG RTCEVKECN
CPF RTCIOCVKE CRRTQCEJ YKVJ CP KOOGFKCVG NKPM VQ JKU GXGT[FC[ VGCEJKPI RTCEVKEG KU GI
TGHNGEVGF D[ VJG HCEV VJCV HQNNQYKPI QWT FKUEWUUKQP JG YCPVGF VQ HKPF QWV CDQWV JKU RWRKNU	
CDKNKV[ VQ IKXG RCTVKENG GZRNCPCVKQPU /QTGQXGT CPF KP VJKU UGPUG O[ XKUKVU CPF RCTVKEWNCTN[
VJG QPGU CV VJG DGIKPPKPI QH VJG RTGRCTCVQT[ RGTKQF RTQXKFGF C UVKOWNWU HQT JKO VQ VT[ VJKPIU
QWV KP O[ RTGUGPEG UQ VJCV YG EQWNF NCVGT VCNM CDQWV KV .CVGT QP JQYGXGT JG PQ NQPIGT
PGGFGF O[ CEVWCN RTGUGPEG KP QTFGT VQ VT[ VJKPIU QWV +V YCU VJGP TCVJGT JKU QYP GPVJWUKCUO
VJCV OCFG JKO FQ KV 1H EQWTUG JG YQWNF VJGP UVKNN TGRQTV CDQWV JKU GZRGTKGPEGU KP C UWDUG
SWGPV OGGVKPI
5QOG NGCTPKPI QWVEQOGU
+P JKU TGXKGY QH VJG OGGVKPIU VJG VGCEJGT KPFKECVGF YJCV JG JCF NGCTPGF HTQO VJGO
9GNN QPG QH VJG VJKPIU VJCV JCXG OQUV UVTWEM OG KU VJCV OWEJ OQTG VJCP DGHQTG + YQPFGT
YJGVJGT O[ YC[ QH VGCEJKPI VTGCVKPI VJG UWDLGEV OCVVGT QDUGTXKPI CPF GXCNWCVKPI RWRKNU
KU FQPG KP VJG TKIJV YC[ .GUU VJCP DGHQTG + TGN[ VJG QNF TQWVKPG KP YJKEJ CU + JCXG EQOG VQ
TGCNK\G + YCU UQOGYJCV IGVVKPI UVWEM 5Q [QW EQWNF PQY FGUETKDG KV CU ITGCUKPI VJG YJQNG
VJKPI KP QTFGT VQ EQWPVGT VJG IGVVKPI UVWEM
#NUQ FWTKPI VJG OGGVKPIU VJGOUGNXGU JG JCF CNTGCF[ OCFG UKOKNCT TGOCTMU GI
[QW CTG EQPHTQPVGF YKVJ YJCV [QW CTG TGCNN[ FQKPI VJG YJQNG FC[ CPF UGNHGXKFGPVN[ UQ
5Q [QW UGG PQV LWUV JGTG + CO YQPFGTKPI DWV CNUQ FWTKPI O[ NGUUQPU + CO KV CNTGCF[ KU
QP O[ OKPF 9GNN YJ[ CO + FQKPI VJKU! + FQ PQV YQPFGT YJGVJGT + CO FQKPI KV TKIJV TGCNN[
DWV EQWNF + FQ KV FKHHGTGPVN[ FQGU KV OCMG UGPUG VJCV + VGNN KV VQ VJGO YJCV FQ VJG[ TGCNN[ RKEM
WR HTQO KV YJCV YKNN VJG[ FQ YKVJ KV!
5Q VJG VGCEJGT JCU GZRGTKGPEGF VJG OGGVKPIU CU WUGHWN CU TGHTGUJGTU QH JKU VGCEJKPI RTCEVKEG
KP IGPGTCN 6JKU OC[ CNUQ DG KNNWUVTCVGF D[ VJG GPVJWUKCUOYKVJ YJKEJ JG VTKGF VJKPIU QWV VJCV
YGTG FKUEWUUGF KP OGGVKPIU
/QTG KP RCTVKEWNCT VJG VGCEJGT JCU CNUQ GZRGTKGPEGF VJG OGGVKPIU CU WUGHWN %QPEGTPKPI VJG
VJGOGU TGNCVKPI VQ EQPVGPV HQT KPUVCPEG JG KPFKECVGF VQ JCXG DGEQOG UGPUKVKXG VQ VJG
RTQDNGOU VJCV RWRKNU JCXG YKVJ RCTVKENGU CPF VQ VJG SWGUVKQP YJGVJGT C VTGCVOGPV QH VJG VQRKE
QH TCFKQCEVKXKV[ UJQWNF DG DCUGF QP RCTVKENGOQFGNU *G KP HCEV CFOKVVGF VQ JCXG DGGP UJQEMGF
D[ VJG RQQT WPFGTUVCPFKPI VJCV RWRKNU JCXG QH RCTVKENG OQFGNU #PF JKU RWRKNU VQQ CU JG
HQWPF QWV YJGP KP QPG QH JKU ENCUUGU JG EJCNNGPIGF VJG RWRKNU VQ GZRNCKP YJ[ C TQCFYC[
GZRCPFU QP C JQV FC[ CPF VJG[ ECOG WR YKVJ CPUYGTU UWEJ CU VJG OQNGEWNGU GZRCPF VJG
CKT DGVYGGP VJG OQNGEWNGU GZRCPFU QT VJG KPVGTOQNGEWNCT URCEGU DGVYGGP VJG OQNGEWNGU
GZRCPF *GTG KU QPG OQTG GZCORNG QH VJG KPHNWGPEG VJCV KP VJKU TGURGEV VJG OGGVKPIU JCXG
JCF QP JKU VGCEJKPI RTCEVKEG
6QFC[ HQT KPUVCPEG =? 5QOGQPG FTQRU VJG YQTF 	OQNGEWNG	 #PQVJGT QPG KOOGFKCVGN[
UC[U VJG UOCNNGUV RCTVKENG QH C UWDUVCPEG YKVJ CNN KVU RTQRGTVKGU 0GXGT GXGT YQWNF + JCXG
TGCEVGF VQ VJCV 6JCV KU EQTTGEV 6QFC[ YG JCXG VCNMGF CDQWV KV HQT C SWCTVGT QH CP JQWT *CXG
VCNMGF CDQWV KV HQT C SWCTVGT QH CP JQWT 9QWNF KV TGCNN[ DG NKMG VJCV! =? + FQP	V MPQY
YJGVJGT VJQUG RWRKNU JCXG ICKPGF CP[VJKPI HTQO KV $WV CV CP[ TCVG KV KU VJG TGUWNV QH VJGUG
OGGVKPIU
%QPEGTPKPI VJG FKFCEVKECN VJGOGU VJG VGCEJGT YTQVG KP JKU TGXKGY VJCV GURGEKCNN[ QWT
TGEWTTKPI FKUEWUUKQPU CDQWV 	JQNFKPI DCEM CPF UVGGTKPI	 JCF DGGP XGT[ KPUVTWEVKXG *G CNUQ
KPFKECVGF VQ JCXG ICVJGTGF HTQO VJG VQVCNKV[ QH QWT OGGVKPIU VJCV + CO C RTQRQPGPV QH NGVVKPI
RWRKNU VJGOUGNXGU GZRGTKGPEG FGUETKDG CPF VGPVCVKXGN[ RTQEGUU KPUVGCF QH VJG VTCFKVKQPCN
6JG VGCEJGT	U TQNG
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OQFGN QH NGCTPKPI FKIGUVKPI CPF VGUVKPI +P VJKU TGURGEV VQQ VJG VGCEJGT PQVGF VJCV VJG
OGGVKPIU JCXG JCF VJGKT KPHNWGPEG QP JKU VGCEJKPI RTCEVKEG GI
+ OQTG QHVGP VT[ VQ IGV KPVQ VJG UMKP QH VJG RWRKNU
+V JCU CNTGCF[ [KGNFGF HTWKV 
UVKNN VQ DG UGGP YJGVJGT KV KU TKRG KP O[ FCKN[ VGCEJKPI RTCEVKEG
*QNFKPI DCEM NKUVGPKPI VQ RWRKNU CFLWUVKPI C NKVVNG NCVGT # EJCPIGF CVVKVWFG YKVJ TGICTFU VQ
RWRKNU	 OCMKPI PQVGU QH QDUGTXCVKQPU .GUU FKTGEV 	GZRNCKPKPI	
6JG OCKP VJKPI + NGCTPGF HTQO VJG OGGVKPIU YCU VQ HWTVJGT URGEKH[ CPF KNNWUVTCVG YJCV VJG
EQPUGSWGPEGU HQT VJG VGCEJGT	U TQNG CTG QH O[ KFGCU CDQWV JQY RWRKNU EQWNF OGCPKPIHWNN[
NGCTP CDQWV VJG VQRKE QH TCFKQCEVKXKV[ (QT WR VQ VJGP VJQUG KFGCU OCKPN[ EQPEGTPGF RWRKNU	
NGCTPKPI RTQEGUU GI YJGVJGT HQT RWRKNU QPG VJKPI 
GI RCTVKENG OQFGNU TGCNN[ KU C
OGCPKPIHWN RTGRCTCVKQP HQT CPQVJGT VJKPI 
TCFKQCEVKXG RJGPQOGPC 1H EQWTUG + JCF UQOG
KFGCU CDQWV VJG VGCEJGT	U TQNG KP RWRKNU	 NGCTPKPI RTQEGUU DWV KV YCU VJG VGCEJGT YKVJ JKU
RTCIOCVKE FGOCPF HQT KOOGFKCVG CRRNKECDKNKV[ VQ JKU RTCEVKEG YJQ EQPVKPWQWUN[ EJCNNGPIGF
OG VQ FQ HWTVJGT FGXGNQR VJQUG KFGCU CPF CNUQ EQPVTKDWVGF VQ VJCV HWTVJGT FGXGNQROGPV (QT
OG VQQ QWT FKUEWUUKQPU CDQWV 	JQNFKPI DCEM CPF UVGGTKPI	 CPF RCTVKEWNCTN[ CDQWV JQY VJG
PQVKQPU 	JQNFKPI DCEM	 CPF 	UVGGTKPI	 EQWNF DG IKXGP HWTVJGT EQPVGPV KP TGNCVKQP VQ O[
FGXGNQRKPI KFGCU CDQWV C RTQDNGORQUKPI CRRTQCEJ YGTG OQUV KPUVTWEVKXG
#PQVJGT VJKPI + NGCTPGF HTQO VJG YC[ VJG OGGVKPIU VJGOUGNXGU RTQEGGFGF YCU JQY WUGHWN
KV KU VQ TGIWNCTN[ CPF GZRNKEKVN[ DWKNF KP TGHNGEVKXG CEVKXKVKGU (QT KV JCF DGGP DGPGHKEKCN HQT
QWTOGGVKPIU VJCV GCEJ QH WU TGIWNCTN[ VJQWIJV CDQWV CPF VJCV YG VJGP GZRNKEKVN[ VCNMGF CDQWV
SWGUVKQPU UWEJ CU YJCV JCXG YG FQPG YJCV JCXG YG CEJKGXGF CPF YJGTG FQGU VJCV NGCXG
WU! 5Q KV YQWNF CNUQ DG WUGHWN CPF OQTGQXGT KP NKPG YKVJ C RTQDNGORQUKPI CRRTQCEJ VQ
DWKNF KP UWEJ CEVKXKVKGU KP VJG UGTKGU QH NGUUQPU YG YGTG IQKPI VQ FGXKUG
5QOG QH VJG OKPQT DWV UVKNN KORQTVCPV VJKPIU + NGCTPGF CNUQ TGNCVGU VQ VJG EQPUVTWEVKQP QH
VJG UGTKGU QH NGUUQPU 6JG VGZVDQQM VJCV RWRKNU CTG VQ YQTM YKVJ UJQWNF DG ECTGHWNN[ GFKVGF
CPF GCUKN[ UWTXG[CDNG CPF TGCFCDNG +V UJQWNF DG ENGCT VQ VJGO VJCV SWKVG UQOG VKOG CPF GHHQTV
JCU DGGP RWV KP KV KP QTFGT VQ KPETGCUG VJGKT YKNNKPIPGUU VQ UGTKQWUN[ YQTM YKVJ KV 6JG NCVVGT
RQKPV OC[ DG EQORCTGF VQ C TGOCTM VJCV VJG VGCEJGT OCFG KP JKU TGXKGY PCOGN[ VJCV KV YCU
CNUQ FWG VQ O[ ECTGHWN RTGRCTCVKQP QH VJG OGGVKPIU VJCV JG YCU EJCNNGPIGF VQ KPXGUV SWKVG
UQOG VKOG KP VJG JQOGYQTM CUUKIPOGPVU
+ EQPENWFG VJCV QWT RTGRCTCVQT[ RGTKQF JCF OGV OQUV QH KVU CKOU + JCF EQOG VQ HCOKNKCTK\G
O[UGNH YKVJ JKU YC[ QH VGCEJKPI *G JCF DGEQOG UGPUKVKXG VQ VJG RTQDNGOU YKVJ VJG GZKUVKPI
UVTWEVWTG VQ VTGCV VJG VQRKE QH TCFKQCEVKXKV[ CPF JCF ICVJGTGF UQOG KFGCU CDQWV CP CNVGTPCVKXG
UVTWEVWTG 9G JCF FGXGNQRGF C EQOOQP YC[ QH VCNMKPI CDQWV VGCEJKPI CPF NGCTPKPI VJCV
RTQOKUGF VQ DG WUGHWN HQT C RTQFWEVKXG HWVWTGYQTMKPI TGNCVKQPYKVJ TGURGEV VQYTKVKPI VT[KPI
GVE PGY VGCEJKPI OCVGTKCNU 2CTVKEWNCTN[ VJG VJGOG 	JQNFKPI DCEM XGTUWU UVGGTKPI	 UGGOGF
VQ DG WUGHWN HQT DQVJ QH WU (QT VJG VGCEJGT DGECWUG KV FKTGEVN[ EQPEGTPGF JKU TQNG HQT OG
VQ HWTVJGT VJKPM VJTQWIJ YJCV KP VGTOU QH JQNFKPI DCEM CPF UVGGTKPI VJG EQPUGSWGPEGU HQT
VJKU TQNG CTG KP C RTQDNGORQUKPI CRRTQCEJ + HGNV RTGRCTGF HQT QWT HWVWTG EQQRGTCVKQP CPF
UQ FKF VJG VGCEJGT +	O QPG JWPFTGF RGT EGPV DGJKPF VJG GZRGTKOGPV + JCXG EQPHKFGPEG KP
KV
9JCV JCF PQV DGEQOG ENGCT CU VJG VGCEJGT TGOCTMGF KP JKU TGXKGY KU YJCV RTGEKUGN[ VJG
NKPGU CTG CNQPI YJKEJ CPF YJ[ [QWT TGUGCTEJ VCMGU RNCEG + IWGUU + O[UGNH CNUQ FKF PQV MPQY
VJCV CV VJG VKOG
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 %QQRGTCVKQP FWTKPI VJG 
TGEQPUVTWEVKQP CPF VT[QWV QH VJG
FKFCEVKECN UVTWEVWTG
(QNNQYKPI VJG RTGRCTCVQT[ RGTKQF VJG VGCEJGT RCTVKEKRCVGF KP O[ TGUGCTEJ HQT C RGTKQF QH
VYQ CPF C JCNH [GCTU +P VJKU RGTKQF JG YQTMGF YKVJ DQVJ XGTUKQPU QH VJG FKFCEVKECN UVTWEVWTG
CPF YCU CNUQ KPXQNXGF KP VJG EQPUVTWEVKQP CPF GXCNWCVKQP QH VJGO +P VJKU UGEVKQP + FGUETKDG
UQOG CURGEVU QH QWT EQQRGTCVKQP KP VJKU RGTKQF CPF KP RCTVKEWNCT JQY KP VJKU RGTKQF QWT
FKUEWUUKQP CDQWV JKU QYP TQNG KP VJG ENCUUTQQO EQPVKPWGFYKVJ VJG GXGPVWCN CKO VJCV JGOCFG
JKOUGNH UQ HCOKNKCT YKVJ VJG GUUGPEG QH 
GURGEKCNN[ VJG UGEQPF XGTUKQP QH VJG FKFCEVKECN
UVTWEVWTG CPF JKU TQNG KP KV VJCV JG YQWNF PQV FGXKCVG GUUGPVKCNN[ HTQO KV
 %QPUVTWEVKQP CPF VT[QWV QH VJG HKTUV XGTUKQP
(QT VJG EQPUVTWEVKQP QH VJG HKTUV XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG VJGTG YCU CDQWV VJTGG
OQPVJU CXCKNCDNG +P VJGUG VJTGG OQPVJU + JCF VQ RWV HNGUJ VQ O[ UVKNN XCIWG KFGCU CDQWV
CPQVJGT YC[ VQ UVTWEVWTG VJG VTGCVOGPV QH VJG VQRKE QH TCFKQCEVKXKV[ 
GI PQV DGIKP YKVJ
RCTVKENGU DWV TCVJGT GPF YKVJ VJGO D[ VJKPMKPI QH UWKVCDNG VCUMU CPF C UWKVCDNG QTFGT KP VJG
VCUMU %JQKEGU JCF VQ DG OCFG 
UQOGVKOGU TCVJGT CF JQE KP QTFGT VQ OGGV UQOG EQPUVTCKPVU
VJG VQVCN UGTKGU UJQWNF VCMG CDQWV  NGUUQPU 
QH  OKPWVGU CRRNKECVKQPU QH TCFKQCEVKXKV[
UJQWNF DG VTGCVGF VJG GZCOKPCVKQP U[NNCDWU JCF VQ DG EQXGTGF GVE (WTVJGTOQTG C VGZVDQQM
HQT RWRKNU JCF VQ DG YTKVVGP GFKVGF CPF NCKF QWV KP UWEJ C YC[ VJCV HQT VJGO KV YQWNF DG
EJCNNGPIKPI VQ YQTM YKVJ CPF GCUKN[ TGCFCDNG CPF UWTXG[CDNG #V VJG GPF QH VJG VJTGGOQPVJU
VJGTG YCU KPFGGF C RWRKNU	 VGZVDQQM DWV CU KV JCF DGGP RTQFWEGF WPFGT JGCX[ VKOGRTGUUWTG
+ YCU PQV SWKVG UCVKUHKGF CDQWV KV + FKF JCXG VJG HGGNKPI JQYGXGT VJCV KV YCU YQTVJ DGKPI
VTKGF KP VJG UGPUG VJCV HTQO VJG VT[QWV YG EQWNF NGCTP C NQV CDQWV RQUUKDNG KORTQXGOGPVU
+P VJQUG VJTGG OQPVJU VJG VGCEJGT YCU QPG QH VJG RGQRNG YJQ EQOOGPVGF QP O[
KPVGTOGFKCVG RTQFWEVU CPF YJCV QEEWRKGF JKO OQUV YCU VQ UGG JQY VJG XCIWG KFGCU CDQWV
CP CNVGTPCVKXG UVTWEVWTG VJCV YG JCF VCNMGF CDQWV FWTKPI VJG RTGRCTCVQT[ RGTKQF ITCFWCNN[
CUUWOGF C OQTG FGHKPKVG CPF EQPETGVG HQTO 6JGTG UKORN[ YCU PQ VKOG NGHV VQ FKUEWUU JKU
TQNG KP TGNCVKQP VQ VJG OCVGTKCN VJCV YCU DGKPI YTKVVGP CP[ HWTVJGT VJCP YJGVJGT JG VJQWIJV
KV HGCUKDNG VQ FQ VJG CEVKXKVKGU KP VJG VKOG VJCV YCU RNCPPGF HQT VJGO /QTGQXGT VJG VGCEJGT
IWKFG VJCV YCU CNUQ DGKPI YTKVVGP YCU OQTG C LWUVKHKECVKQP QH VJG PGY UVTWEVWTG QH VJG
VTGCVOGPV QH VJG VQRKE QH TCFKQCEVKXKV[ VJCP C RTCEVKECN IWKFG 5Q CNUQ EQPEGTPKPI VJG VGCEJGT	U
TQNG + JCF VJG KFGC VJCV C NQV EQWNF DG NGCTPGF HTQO VJG VT[QWV +V YCU KP VJG GXCNWCVKQP QH
VJG HKTUV XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG VJCV VJG OCKP YQTM JCF VQ DG FQPG YKVJ TGURGEV
VQ DQVJ VJG UVTWEVWTG KVUGNH CPF VJG VGCEJGT	U TQNG KP KV
6JG HKTUV XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG YCU VTKGF KP VYQ ENCUUGU 6JG RTQEGFWTG QH VJG
ENCUU QDUGTXCVKQPU JCF DGGP OWEJ VJG UCOG CU NCVGT KP VJG VT[QWV QH VJG UGEQPF XGTUKQP 
EH
UGEVKQP  +P QPG QH VJG ENCUUGU VJG NGUUQPU YGTG TGEQTFGF QP CWFKQVCRG KP VJG QVJGT QP
XKFGQVCRG QP VJG DCUKU QH VJG GZRGTKGPEGU KP VJG ENCUU KP YJKEJ C RCTVKEWNCT NGUUQP YCU IKXGP
HKTUV UQOG EJCPIGU YGTG UQOGVKOGUOCFG EQPEGTPKPI VJG OCVEJKPI NGUUQP KP VJG QVJGT ENCUU
GVE $WV YJGTGCU VJG RTQEGFWTG QH VJG QDUGTXCVKQPU YCU UKOKNCT VJG HKTUV KORTGUUKQPU HTQO
VJG QDUGTXCVKQPU FKHHGTGF OCTMGFN[ (QT KP NKPG YKVJ VJG CDQXG OGPVKQPGF GZRGEVCVKQPU VJG
6JG VGCEJGT	U TQNG
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HKTUV KORTGUUKQPU + ICVJGTGF FWTKPI VJG VT[QWV QH VJG HKTUV XGTUKQP VJG FKFCEVKECN UVTWEVWTG
YGTG VJCV KV EGTVCKPN[ YCU PQV [GV 	IQQF GPQWIJ	 6JCV KU VQQ QHVGP VJG VJKPIU VJG RWRKNU FKF
CPF UCKF YGTG VQQ HCT QWV QH NKPG YKVJ YJCV VJG[ YGTG GZRGEVGF VQ UC[ CPF FQ /QTGQXGT
YJGTGCU KP UQOG ECUGU TCVJGT EQUOGVKE EJCPIGU OKIJV UWHHKEG VQ KORTQXG OCVVGTU 
GI D[
CXQKFKPI WPURGEKHKE VGTOU KP VJG HQTOWNCVKQPU QH VJG VCUMU EH UGEVKQP  KP QVJGTU OQTG
UVTWEVWTCN KORTQXGOGPVU UGGOGF PGEGUUCT[ +P QTFGT VJCV RWRKNU RGTEGKXG VJG EQJGTGPEG KP
UWEEGUUKXG VCUMU 
EH UGEVKQP  QT EQOG VQ CRRTGEKCVG UQOG RTQDNGO KP VJG TKIJV YC[ 
EH
UGEVKQP  HQT KPUVCPEG KV UGGOGF PGEGUUCT[ VQ PQV LWUV UWRGTHKEKCNN[ EJCPIG UQOG VCUMU
DWV CNUQ VQ EJCPIG VJGKT HWPEVKQP CPF CKO CPF VJG YC[ KP YJKEJ VJG[ CTG VQ DG RWV KP C
EQJGTGPV UVTWEVWTG
#HVGT VJG VT[QWV QH VJG HKTUV XGTUKQP VJG VGCEJGT YCU CUMGF VQ YTKVG FQYP JKU HKTUV
KORTGUUKQPU 6JG HQNNQYKPI OC[ IKXG CP KFGC QH YJCV VJG[ YGTG
6JG NCUV YGGMU DGHQTG VJG UVCTV QH VJG UGTKGU QH NGUUQPU YGTG OCTMGF D[ C NQV QH RTGUUWTG
EQPEGTPKPI VJG PQTOCN YQTM CV UEJQQN CU YGNN CU VJG RTGRCTCVKQP QH VJG UVCTV =? +P CFFKVKQP
VQ VJKU VJG OCVGTKCN UVKNN JCF PQV IQV KVU FGHKPKVG HQTO CPF C TGOCTM QH =QPG QH VJG QVJGT RGQRNG
YJQ EQOOGPVGF QP VJG OCVGTKCN? CDQWV VJG COQWPV QH UWDLGEV OCVVGT CPF VJG KP JKU QRKPKQP
VQQ QRVKOKUVKE RNCPPKPI JCF OCFG OG FQWDV CDQWV VJG RQUUKDKNKVKGU QH VJG OCVGTKCN #HVGT KP
VJG GPF VJG OCVGTKCN JCF IQV KVU FGHKPKVG CPF ECTGHWNN[ GFKVGF HQTO O[ EQPEGTPU YGTG
UQOGYJCV VCMGP CYC[ CICKP
1PEG VJG NGUUQPU JCF DGIWP + YCU INCF VQ JCXG VJG QRRQTVWPKV[ VQ CNYC[U VGCEJ VJG NGUUQP
QPEG CICKP KP VJG QVJGT ENCUU KP QTFGT VQ VJGP FGCN YKVJ RTQDNGOU VJCV JCF DGGP HQWPF KP VJG
HKTUV NGUUQP $GECWUG QH VJCV KV VWTPGF QWV VJCV CHVGT HQWT NGUUQPU + O[UGNH IQV VJG HGGNKPI VJCV
VJG RNCPPKPI YCU HGCUKDNG CPF O[ FGETGCUKPI VGPUKQP HQT VJG NGUUQPU QH EQWTUG OCFG VJCV VJG
HWTVJGT NGUUQPU RTQEGGFGF NGUU VGPUGN[
 'XCNWCVKQP QH VJG HKTUV XGTUKQP CPF EQPUVTWEVKQP QH VJG UGEQPF XGTUKQP
6JG CDQXG OC[ CNTGCF[ KPFKECVG VJCV CV VJG DGIKPPKPI QH VJG GXCNWCVKQP VJG VGCEJGT CPF + JCF
C FKHHGTGPV CVVKVWFG YJKEJOC[ CICKP DG EJCTCEVGTK\GF CU VJG FKHHGTGPEGDGVYGGP C VJGQTGVKECN
CPF C RTCIOCVKE CVVKVWFG (QT OG VJG TGCN YQTM UVKNN JCF VQ DGIKP CPF + YCU UWTG VJCV VJG
GXCNWCVKQP YQWNF NGCF VQ UWIIGUVKQPU HQT UVTWEVWTCN EJCPIGU HQT UWDUVCPVKCN EJCPIGU KP VJG
FKFCEVKECN UVTWEVWTG KVUGNH (QT VJG VGCEJGT JQYGXGT VJKPIU JCF YQTMGF QWV YGNN CPF D[ VJKU
JG OGCPV VJKPIU NKMG YG OCFG KV KP VKOG VJG RWRKNU NGCTPGF UQOGVJKPI CPF VJG[ YGTG
KPXQNXGF
+P VJG HKTUV UVCIGU QH VJG GXCNWCVKQP VJKU FKHHGTGPEG YCU PQV RTQRGTN[ VCMGP KPVQ CEEQWPV
JQYGXGT 9G JCF YGGMN[ UGUUKQPU HQT YJKEJ YG RTGRCTGF D[ UVWF[KPI QPG NGUUQP 6JG
VGCEJGT UVWFKGF VJG XKFGQVCRG QH VJCV NGUUQP KG VJG NGUUQP KP QPG QH VJG ENCUUGU + UVWFKGF
VJG XKFGQVCRG VQQ 
VQIGVJGT YKVJ *CPU %T¾VQP CPF 9QWV /QGTOCP CPF CNUQ VJG CWFKQVCRG
QH VJCV NGUUQP 
KG VJG NGUUQP KP VJG QVJGT ENCUU CPF RWRKNU	 PQVGU &WTKPI VJG UGUUKQP YG
VJGP GZEJCPIGF QWT HKPFKPIU #V NGCUV VJCV YCU VJG RNCP +V VWTPGF QWV JQYGXGT VJCV VJGTG
YCU JCTFN[ CP[ GZEJCPIG DWV TCVJGT C QPGYC[ VTCPUOKUUKQP HTQO OG VQ VJG VGCEJGT KP
YJKEJ + RQKPVGF CV PWOGTQWU ECUGU KP YJKEJ YJCV VJG RWRKNU FKF CPF UCKF YCU 
HCT QWV QH
NKPG YKVJ YJCV YG JCF GZRGEVGF CV ECUGU KP YJKEJ VJG VGCEJGT	U TQNG EQWNF JCXG DGGP DGVVGT
CV RQUUKDNG UWIIGUVKQPU HQT KORTQXGOGPVU KP VJG FKFCEVKECN UVTWEVWTG KVUGNH CPF VJG VGCEJGT	U
TQNG KP KV + YCU HCT HTQO EQPVGPV CDQWV VJKU QPGYC[ VTCHHKE 6JG VGCEJGT QP VJG QVJGT JCPF
HGNV UQTV QH IWKNV[ HQT PQV JCXKPI GPQWIJ ETKVKECN TGOCTMU 5Q VJG UGUUKQPU YGTG KPETGCUKPIN[
FKUUCVKUH[KPI HQT DQVJ QH WU
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+P QTFGT VQ GUECRG VJKU UKVWCVKQP YG URGPF C UGUUKQP QP VJG UGUUKQPU VJGOUGNXGU $GNQY CTG
UQOG HTCIOGPVU QH YJCV VJG VGCEJGT VJGP DTQWIJV HQTYCTF YJKEJ CNUQ KNNWUVTCVG QWT FKHHGTGPV
CVVKVWFGU
+	XG NQQMGF SWKVG FKHHGTGPVN[ CV =VJG NGUUQPU? + VJKPM + JCXG O[ OCVGTKCN + IKXG O[ NGUUQPU
YGNN + VJKPM VJCV O[ RWRKNU JCXG NGCTPGF UQOGVJKPI QH KV TKIJV ;QW	XG NQQMGF SWKVG
FKHHGTGPVN[ CV KV DGECWUG [QWT UVCTVKPI RQKPV YCU YGNN YG	NN UGG YJGVJGT VJG RWRKNU JCXG
NGCTPGF UQOGVJKPI QH KV 9GNN + FQP	V NQQM VJCV YC[ CV NGUUQPU + FQP	V NQQM OQPVJU DCEM
+ VJKPM YGNN VJG NGUUQPU CTG QXGT YG JCXG OCFG KV KP VKOG UQ + YCU UCVKUHKGF TKIJV 5Q +
VJQWIJV VJCV VJG NGUUQPU YGPV YGNN +H [QW	TG NQQMKPI CV KV VJTQWIJ UWEJ C OCIPKH[KPIINCUU
YGNN VJGP KPFGGF [QW	TG IQKPI VQ UC[ CPF + TGCNN[ FQ CFOKV VJCV PQY VQQ YJCV YG JCF
GZRGEVGF FKF PQV SWKVG EQOG QWV CPF KV OKIJV JCXG DGGP FQPG FKHHGTGPVN[
=&WTKPI VJG VT[QWV? + O[UGNH FKFP	V JCXG VJG KFGC VJCV YG YGTG IQKPI VQ FKUEWUU KV VJCV YGNN
VJCV CEEWTCVG VJCV YG	F IQ VJCV FGGRN[ KPVQ KV
5Q + TGCNN[ CO EQPVGPV CDQWV VJG UGUUKQPU CDQWV VJG YC[ YG	TG YQTMKPI QP KV DWV KV KU
FKHHGTGPV HTQO YJCV + JCF KOCIKPGF /WEJ OQTG CDQWV UOCNN VJKPIU QH YJKEJ [QW UC[ JGTG
UGG VJCV PQY! =? + HQWPF KV HQT KPUVCPEG PKEG C PKEG GZCORNG VJCV VJCV UGEQPF NGUUQP +
JCF YCVEJGF VJCV + JCF JCTFN[ OCFG CP[ PQVGU TGCNN[ CPF VJCV + VGNN [QW VJQUG CPF VJCV [QW
VJGP EQOG YKVJ =? PQ NGUU VJCP VJKTV[ TGOCTMU YGNN HKXG RCIGU HWNN #PF KH + TGCF VJGO
QXGT VJGP + VJKPM CPF KV KU NKMG VJCV VQQ 9GNN CPF VJCV [QW RWNN VJGO QWV OWEJ OQTG GCUKN[
VJCP + FQ + QDXKQWUN[ VCMG PQVKEG QH SWKVG FKHHGTGPV VJKPIU YJGVJGT VJG EJKNFTGP CTG RCTVKEKRCV
KPI QT VJCV VJG[ + FQP	V VCMG PQVKEG QH YJGVJGT VJG[ #PF + FQ VJKPM CNQPI YKVJ [QW
YJGVJGT KV ECP DG FQPG FKHHGTGPVN[ DWV + FQ PQV RKEM KV QWV O[UGNH
9G EQPENWFGF VJCV KV JCF DGGP C MKPF QH UVTCPIG GZRGTKGPEG HQT VJG VGCEJGT VQ NQQM VJTQWIJ
C OCIPKH[KPIINCUU CV VJG UOCNN VJKPIU QH UQOGVJKPI VJCV YCU YGNN QXGT CPF VJCV QP VJG YJQNG
JG YCU SWKVG UCVKUHKGF CDQWV 1P VJG QVJGT JCPF PQY VJCV JG IQV WUGF VQ VJG KFGC JG CNUQ
CRRTGEKCVGF VJCV D[ NQQMKPI VJKU YC[ KV DGECOG ENGCT VJCV YJCV YG JCF GZRGEVGF FKF PQV
CNYC[U EQOG QWV CPF VJCV VJKPIU OKIJV JCXG DGGP FQPG FKHHGTGPVN[ +P HCEV VJG VGCEJGT CNUQ
KPFKECVGF VJCV VJTQWIJ VJG GXCNWCVKQPU JG JCF DGEQOG CYCTG VJCV FWTKPI VJG VT[QWV JG JCF
PQV ITCURGF VJG RQKPV QH UQOG CEVKXKVKGU YJKEJ CEEQTFKPIN[ JG JCF PQV ECTTKGF QWV XGT[ YGNN
CPF JCF CNUQ DGEQOG CYCTG QH QVJGT ECUGU KP YJKEJ JKU TQNG JCF PQV DGGP CFGSWCVG
(WTVJGTOQTG VJG VGCEJGT KPFKECVGF VJCV VJG OCP[ UOCNN VJKPIU CFFGF WR VQ UWIIGUVKQPU HQT
SWKVG UVTWEVWTCN EJCPIGU YJKEJ JG CRRTGEKCVGF CU KORTQXGOGPVU +V KU C YJQNG FKHHGTGPV
CRRTQCEJ KV KU SWKVG C FKHHGTGPV CRRTQCEJ + FQ VJKPM UQ 6JG PGY FGUKIP CRRGCNU VQ OG
5Q VJG OCKP UQWTEG QH VJG RTQDNGO UGGOGF VQ WU VJCV CNVJQWIJ JG FKF VJKPM CNQPI YKVJ OG
CPF CRRTGEKCVGF VJG RQKPVU + DTQWIJV HQTYCTF VJG VGCEJGT JKOUGNH FKF PQV RKEM QWV VJG VJKPIU
VJCV + FKF CPF FKF PQV JKOUGNH EQOG WR YKVJ UWIIGUVKQPU HQT UVTWEVWTCN EJCPIGU +V YCU PQV
UQ OWEJ RTQDNGOCVKE VJCV + RKEMGF QWV OQTG VJKPIU CPF VJCV + ECOG WR YKVJ VJG UWIIGUVKQPU
HQT KORTQXGOGPVU #HVGT CNN + JCF IKXGP VJG FKFCEVKECN UVTWEVWTG C NQV OQTG VJQWIJV VJCP VJG
VGCEJGT JCF /QTGQXGT KV YCU RTGEKUGN[ KP VJKU RGTKQF VJCV VJKPIU DGICP VQ HCNN KP RNCEG HQT
OG VJCV + DGICP VQ CTTKXG CV VJG INQDCN QWVNKPG HQT C FKFCEVKECN UVTWEVWTG CU QWVNKPGF KP EJCRVGT
 5Q KV YCU SWKVG PCVWTCNN[ VJCV + VQQM VJG NGCF EQPEGTPKPI VJG UVTWEVWTCN CURGEVU 9JCV YCU
RTQDNGOCVKE JQYGXGT YCU VJCV KP VJG UGUUKQPU WR VQ VJGP VJKU KPGSWCNKV[ JCF PQV DGGP
RTQRGTN[ VCMGP KPVQ CEEQWPV (QT VJG VGCEJGT JCF VJG UCOG IGPGTCN CUUKIPOGPV VJCV + JCF
UVWF[ C NGUUQP CPF EQOOGPV QP KV
#U C UQNWVKQP VQ VJG RTQDNGO YG UWIIGUVGF VJCV GCEJ QH WU YQWNF UVWF[ VJG NGUUQPU YKVJ
C URGEKCN CUUKIPOGPV + YQWNF GURGEKCNN[ HQEWU QP VJG UVTWEVWTCN CURGEVU GI YJGVJGT VJG
6JG VGCEJGT	U TQNG
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VJKPIU RWRKNU FQ CPF UC[ KU KP NKPG YKVJ YJCV VJG[ YGTG GZRGEVGF VQ UC[ CPF FQ YJGVJGT D[
EJCPIGU KP HQTOWNCVKQP CKO HWPEVKQP QTFGT GVE RWRKNU OKIJV EQOG VQ RGTEGKXG VJG EQJGT
GPEG KP UWEEGUUKXG VCUMU QT EQOG VQ CRRTGEKCVG UQOG RTQDNGO KP VJG TKIJV YC[ GVE 6JG
VGCEJGT QP VJG QVJGT JCPF YQWNF GURGEKCNN[ HQEWU QP YJCV YG ECNNGF VJG RTQEGFWTCN
CURGEVU GI YJGVJGT VJG YC[ KP YJKEJ CP CEVKXKV[ YCU ECTTKGF QWV JCU EQPVTKDWVGF VQ
TGCEJKPI VJG CKO QH VJG CEVKXKV[ YJGVJGT D[ EJCPIGU KP KPUVTWEVKQPCN VGEJPKSWG QT VGCEJGT
RCTVKEKRCVKQP 
OQTG RWRKNUOKIJV EQOG VQ 
DGVVGT CRRTGEKCVG UQOG RTQDNGO KP VJG TKIJV YC[
GVE 1H EQWTUG VJG UVTWEVWTCN CPF RTQEGFWTCN CURGEVU JCPI ENQUGN[ VQIGVJGT 5Q VJG VGCEJGT
JCF VQ MGGR QP VJKPMKPI CNQPI YKVJ OG YKVJ TGURGEV VQ VJG UVTWEVWTCN CURGEVU VJQWIJ JG YCU
PQ NQPIGT GZRGEVGF VQ OCMG UWDUVCPVKCN EQPVTKDWVKQPU EQPEGTPKPI VJGO #PF QH EQWTUG + JCF
VQ FKUEWUU VJG RTQEGFWTCN CURGEVU YKVJ JKO CPF KP RCTVKEWNCT VJGKT TGNCVKQP VQ VJG UVTWEVWTCN
CURGEVU
+V VWTPGF QWV VJCV D[ VJG CDQXG FKXKUKQP QH VCUMU VJG RTQDNGO YCU KPFGGF UQNXGF (KTUVN[ KV
OCFG OQTG ENGCT VJCV DQVJ EQPEGTPKPI VJG UVTWEVWTCN CPF VJG RTQEGFWTCN CURGEVU VJG UGTKGU
QH NGUUQPU PGGFGF VQ DG EQPUKFGTCDN[ KORTQXGF CPF CNUQYJKEJYGTG VJG UVTWEVWTCN CPFYJKEJ
VJG RTQEGFWTCN KORTQXGOGPVU 5GEQPFN[ VJG VGCEJGT	U PGY VCUM YCU FKTGEVN[ TGNCVGF VQ YJCV
OQUV EQPEGTPGF JKO JKU QYP TQNG CPF JG YCU YKNNKPI CPF CDNG VQ YQTM QP JKU PGY VCUM
6JKTFN[ VJG PGY VCUM YCU C IQQF RTGRCTCVKQP HQT JKU VCUM FWTKPI VJG YTKVKPI UVCIG QH VJG
UGEQPF XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG PCOGN[ VQ YTKVG JKU QYP IWKFG *KU PGY VCUM
HKPCNN[ GPCDNGF WU VQ EQPVKPWG QWT FKUEWUUKQP CDQWV JKU QYP TQNG KP VJG ENCUUTQQO YJKEJ
KP VJG RTGRCTCVQT[ RGTKQF YG JCF CNTGCF[ DGIWP CPF VJKU VKOG OQTG EQPETGVGN[ KP ENQUG
TGNCVKQP VQ VJG FKFCEVKECN UVTWEVWTG
5Q VJG VGCEJGT DGICP VQ UVWF[ VJG VCRGU CICKP VJKU VKOG GURGEKCNN[ HQEWUKPI QP VJG RTQEGFWTCN
CURGEVU +P VJG VGTOU QH QWT VJGOG 	JQNFKPI DCEM XGTUWU UVGGTKPI	 JG PQVKEGF VJCV VJGTG YGTG
OCP[ ECUGU KP YJKEJ JKU RCTVKEKRCVKQP JCF DGGP HCT VQQ UVGGTKPI 6JGTG YGTG ECUGU KP YJKEJ
JG XKTVWCNN[ VQQM QXGT CP GZRGTKOGPV VJCV RWRKNU YGTG RGTHQTOKPI RWV YQTFU KP VJGKTOQWVJU
JGCTF CPF UCY OWEJ OQTG KP YJCV RWRKNU UCKF CPF FKF VJCP YJCV VJG[ CEVWCNN[ KPVGPFGF VQ
UC[ CPF FQ 
EH UGEVKQP  YCU VQQ HQEWUGF QP RWNNKPI QWV VJG FGUKTGF CPUYGT 
CU KP +	XG
CNTGCF[ JGCTF VJG TKIJV CPUYGT JG VGPFGF VQ CFFTGUU JKOUGNH VQ GURGEKCNN[ VJG 	DGVVGT	
RWRKNU GVE
1DXKQWUN[ YG FKF PQV FKUEWUU UWEJ ECUGU KP C DNCOGEQPVGZV DWV CEMPQYNGFIGF VJCV C NQV
QH VJGO FGTKXGF HTQO VJG HCEV VJCV VJG YJQNG VJKPI JCF DGGP PGY CPF UVTGUUKPI HQT VJG
VGCEJGT *G JCF DGGP PGTXQWU GURGEKCNN[ FWTKPI VJG HKTUV NGUUQPU 
EH JKU TGXKGY QH VJG VT[
QWV *G JCF HGNV VJG TGURQPUKDKNKV[ VQ OCMG KV JCRRGP CU GZRGEVGF CPF VJGTGHQTG YCU XGT[
OWEJ HQEWUGF QP VJG FGUKTGF CPUYGTU CRV VQ JGCT CPF UGG OQTG VJCP VJGTG YCU VQ UGG CPF
JGCT GVE *G CNUQ JCF JKU KPKVKCN FQWDVU CDQWV VJG RQUUKDKNKVKGU QH VJG OCVGTKCN YJGVJGT VJG
RWRKNU CTG KPFGGF CDNG VQ HKPF VJKPIU QWV HQT VJGOUGNXGU QT KP VJG VKOG RNCPPGF HQT KV CPF
VJGTGHQTG JG JCF UQOGVKOGU VTKGF VQ URGGF VJKPIU WR D[ RWVVKPI VJG YQTFU KP RWRKNU	 OQWVJU
VCMKPI QXGT GZRGTKOGPVU CFFTGUUKPI JKOUGNH GURGEKCNN[ VQ VJG DGVVGT RWRKNU GVE(WTVJGTOQTG
UQOGVKOGU QWT GZRGEVCVKQPU JCF UKORN[ DGGP VQQ JKIJ UQ VJCV QP VJG URQV VJG VGCEJGT JCF
VQ FGCN YKVJ WPGZRGEVGF UKVWCVKQPU + CNUQ VJKPM VJCV MGGRKPI C VKIJV EQPVTQN YKVJ TGURGEV VQ
EQPVGPV YCU CP KPITGFKGPV QH JKU YC[ QH MGGRKPI QTFGT
+P QWT FKUEWUUKQPU + TCVJGT VTKGF VQ OCMG VJG VGCEJGT VCMG VYQ UVGRU (KTUV VQ ICKP
EQPHKFGPEG DQVJ KP VJG OCVGTKCN CPF KP VJG RWRKNU 6JCV KU VJG VCUMU EGTVCKPN[ YJGP VJG
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 +P VJG UGEQPF XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG VJKU VCUM TGVWTPGF 
EH UGEVKQP  DWV FWG VQ UQOG UVTWEVWTCN
EJCPIGU CV C FKHHGTGPV RNCEG

UWIIGUVKQPU HQT UVTWEVWTCN KORTQXGOGPVU CTG VCMGP KPVQ CEEQWPV CTG UWEJ VJCV VJG RWRKNU CTG
KPFGGF CDNG VQ VCMG EQPVTQN QXGT VJGKT RTQITGUU YKVJ TGURGEV VQ EQPVGPV VJCV CNUQ YKVJQWV C
VKIJV EQPVTQN QH JKO KP VJCV TGURGEV VJG[ CTG YKNNKPI CPF CDNG VQ VJGOUGNXGU VJKPM QH
GZRGTKOGPVU ECTT[ VJQUG QWV FTCY EQPENWUKQPU HQTOWNCVG SWGUVKQPU GVE 5Q YKVJ TGURGEV
VQ EQPVGPV VJG UVGGTKPI RCTV QH VJG RTQEGUU UJQWNF DG KPKVKCVGF D[ VJG OCVGTKCN CPF HWTVJGT
FTKXGP D[ VJG RWRKNU CU VJG[ YQTM YKVJ VJG OCVGTKCN 6JG UGEQPF UVGR TGNCVGU VQ VJG RTQEGFWTCN
CURGEVU VQ HKPF YC[U VQ UQ IWKFG VJG RTQEGUU VJCV QP VJG QPG JCPF CNN RWRKNU CTG KPXQNXGF
OCMG EQPVTKDWVKQPU NKUVGP VQ GCEJ QVJGT GVE YJKNG QP VJG QVJGT VJG RTQEGUU UVKNN RTQEGGFU
QTFGTN[ CPF UVTWEVWTGF
+P VJG HKTUV UVGR YG FKUEWUUGF ECUGU KP YJKEJ CU VJG VGCEJGT JKOUGNH JCF CNTGCF[ PQVKEGF JKU
RCTVKEKRCVKQP JCF DGGP HCT VQQ UVGGTKPI CPF EQORCTGF VJQUG VQ ECUGU KP YJKEJ JG JCF
CRRTQRTKCVGN[ JGNF DCEM 5QOGVKOGU KV YCU GXGP RQUUKDNG VQ OCMG VJKU EQORCTKUQP YKVJ
TGURGEV VQ VJG YC[ VJCV QPG RCTVKEWNCT CEVKXKV[ YCU ECTTKGF QWV KP VJG VYQ ENCUUGU 6JKU YCU
VJG ECUG HQT KPUVCPEG EQPEGTPKPI VJG VCUM YJGVJGT QT PQV VJG ENGCPGTU QH CP :TC[ FGRCTV
OGPV PGGF NGCF CRTQPU +P VJG QPG ENCUU RWRKNU YGTG FKXKFGF QXGT VJG OCVVGT 6JG VGCEJGT
UWDUGSWGPVN[ ICXG DQVJ UKFGU VJG QRRQTVWPKV[ VQ EQPXKPEG GCEJ QVJGT CP CEVKXKV[ VJCV JG
KPIGPKQWUN[ OCPCIGF D[ KORQUKPI VJG TWNGU VJCV VJG VYQ UKFGU JCXG VQ VCMG VWTPU KP DTKPIKPI
HQTYCTF C RQKPV VJCV UQOGQPG YJQ YCPVU VQ DTKPI HQTYCTF C RQKPV HQT JKU QT JGT UKFG JCU
VQ UVCPF WR CPF VJCV QPN[ UQOGQPG YJQ KU UVCPFKPI WR KU CNNQYGF VQ URGCM CPF VJCV RWRKNU
CTG CNNQYGF VQ UYKVEJ UKFGU GCEJ VKOG QPG UKFG JCU OCFG C RQKPV 5KPEG PGKVJGT QH VJG UKFGU
VWTPGF QWV VQ DG CDNG VQ OCMG C EQPXKPEKPI ECUG VJG RWRKNU YGTG VJGP CUMGF VQ VJKPM QH CP
GZRGTKOGPV VJCV EQWNF DG FQPG YKVJ VJG OCVGTKCN RTGUGPV KP VJG ENCUUTQQO CPF VJCV OKIJV
FGEKFG VJG KUUWG 6JG RWRKNU RTQRQUGF VQ RWV VJG :TC[ OCEJKPG QP HQT C YJKNG CPF VJGP
OGCUWTGYJGVJGT KVUYCNNU JCFDGEQOG TCFKQCEVKXG 6JG HKPCN EQPENWUKQP QPYJKEJ GXGT[DQF[
CITGGF YCU VJCV NGCF CRTQPU CTG PQV PGEGUUCT[ +P VJG QVJGT ENCUU JQYGXGT VJKPIU YGPV
TCVJGT FKHHGTGPVN[ 6JGTG CNN QH VJG RWRKNU KPKVKCNN[ CITGGF VJCV NGCF CRTQPU CTG PGGFGF 6JKU
WPGZRGEVGF TGUWNV 
JG JCF GZRGEVGF VJCV CU KP VJG QVJGT ENCUU VJG RWRKNU YQWNF DG FKXKFGF
QXGT VJG OCVVGT UQ WPPGTXGF VJG VGCEJGT VJCV JG EQORNGVGN[ VQQM QXGT HTQO VJGP *G HQTIQV
VQ NGV VJG RWRKNU VJKPM QH CP GZRGTKOGPV VJCV YQWNF RTQXG VJGO TKIJV +PUVGCF JG ECNNGF C RWRKN
HQTYCTF VQNF JKO VQ RWV VJG :TC[ OCEJKPG QP HQT C YJKNG VQ VJGP OGCUWTG VJG YCNNU YKVJ
C )GKIGT EQWPVGT CPF EQPENWFGF VJCV NGCF CRTQPU CTG PQV PGEGUUCT[ 6JKU EQPENWUKQP NGCF
VQ SWKVG UQOG RTQVGUVU HTQO VJG RWRKNU RTQDCDN[ DGECWUG VJG[ FKF PQV JCXG VJG HCKPVGUV KFGC
YJ[ VJG GZRGTKOGPV JCF DGGP ECTTKGF QWV 6JG[ EGTVCKPN[ JCF PQV FGEKFGF HQT VJGOUGNXGU VJCV
KV KU CP GZRGTKOGPV D[ OGCPU QH YJKEJ KV ECP DG FGEKFGF YJGVJGT QT PQV NGCF CRTQPU CTG
PGGFGF %QPUGSWGPVN[ VJG GZRGTKOGPV RNC[GF PQ TQNG KP VJGKT HWTVJGT TGCUQPKPI 9JCV JCF
DGEQOG ENGCT VQ VJG RWRKNU JQYGXGT KU VJCV VJG VGCEJGT JCF NCWPEJGF CP QHHGPUKXG CV VJGKT
EQOOWPCNN[ JGNF QRKPKQP VJCV NGCF CRTQPU CTG PQV PGGFGF CPF VJG[ DGICP VQ RCUUKQPCVGN[
FGHGPF VJCV QRKPKQP GI FWUV RCTVKENGU QT VJG CKT KP VJG :TC[ FGRCTVOGPV JCXG DGGP
KTTCFKCVGF CPF VJGTGHQTG CTG TCFKQCEVKXG 6JG GZRGTKOGPV CNUQ RNC[GF PQ TQNG KP VJG VGCEJGT	U
HWTVJGT TGCUQPKPI +PUVGCF JG VTKGF VQ GZRNCKP YJ[ GI FWUV RCTVKENGU ECPPQV JCXG DGEQOG
TCFKQCEVKXG RTGVV[ UQQP IQV UVWEM KP VJG GZRNCPCVKQP YJGP JG PQVKEGF VJCV KP KV JG YQWNF JCXG
6JG VGCEJGT	U TQNG
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VQ WUG VJG PQV [GV UGVVNGF EQPEGRVU QH KTTCFKCVKQP CPF EQPVCOKPCVKQP CPF WNVKOCVGN[ UCY PQ
QVJGT RQUUKDKNKV[ VJCP VQ HQTEG VJG OCVVGT CU [QW YKNN NGCTP KP VJG PGZV EJCRVGT KTTCFKCVGF
FWUV RCTVKENGU CTG PQV TCFKQCEVKXG #V VJCV UVCIG KV JCF QH EQWTUG DGEQOG ENGCT VQ VJG RWRKNU
VJCV VJG VGCEJGT XGT[ OWEJ YCPVGF VJGO VQ UC[ VJCV NGCF CRTQPU CTG PQV PGEGUUCT[ 5Q KP VJG
GPF VJG[ FGEKFGF VQ OGGV VJG VGCEJGT CV NGCUV RCTV QH VJG YC[ QMC[ VJG ENGCPGTU FQ PQV PGGF
NGCF CRTQPU DWV VJG[ FQ PGGF UQOGVJKPI GNUG 5Q JGTG YG JCF C ECUG YJGTG VJG VGCEJGT	U
XGT[ UVGGTKPI TQNG JCF TCVJGT DGGP FGVTKOGPVCN VQ RWRKNU	 NGCTPKPI RTQEGUU +H VJG VGCEJGT JCF
IKXGP VJG RWRKNU VJG QRRQTVWPKV[ VQ VJGOUGNXGU UVGGT VJGKT NGCTPKPI RTQEGUU 
D[ NGVVKPI VJGO
CU VJG RWRKNU KP VJG QVJGT ENCUU VJKPM QH CP CRRTQRTKCVG GZRGTKOGPV VJGP VJG[ YQWNF JCXG
DGGP EQPHTQPVGFYKVJ GZRGTKOGPVCN HCEVU VJCV HQT IQQF TGCUQPU VJG[ VJGOUGNXGU JCF DTQWIJV
HQTYCTF 6JG HWTVJGT FKUEWUUKQP EQWNF VJGP JCXG DGGP DCUGF QP HCEVU 
QP YJCV KU UGGP CPF
JGCTF KPUVGCF QH XCIWG URGEWNCVKQPU CPF PQV [GV LWUVKHKGF EQPENWUKQPU CPF YQWNF VJGP PQV
JCXG RTQEGGFGF KP CP WPFGUKTCDNG CVVCEMCPFFGHGPEG EQPVGZV
+P VJG UGEQPF UVGR VJG VGCEJGT VJQWIJV QH YC[U VQ UQ UVTWEVWTG VJG ENCUUTQQO RTQEGUU VJCV
CU OWEJ RWRKNU CU RQUUKDNG CTG IKXGP CORNG EJCPEG VQ VCMG EQPVTQN QXGT VJGKT RTQITGUU YKVJ
TGURGEV VQ EQPVGPV KP YJKEJ ECUGU ITQWR YQTM KU OQUV CRRTQRTKCVG CPF JQY KV EQWNF DGUV DG
QTICPK\GF KP YJKEJ ECUGU C ENCUU FKUEWUUKQP KU OQUV CRRTQRTKCVG CPF JQY KV EQWNF DGUV DG
KPKVKCVGF IWKFGF TQWPFGF QHH GVE +V YCU QH EQWTUG ENGCT VQ VJG VGCEJGT VJCV IKXKPI VJG RWRKNU
EQPVTQN QXGT VJGKT NGCTPKPI RTQEGUU FQGU PQV KORN[ JKU YKVJFTCYCN GURGEKCNN[ PQV KH VJG
RTQEGUU KU UVKNN VQ RTQEGGF QTFGTN[ CPF UVTWEVWTGF 1P VJG EQPVTCT[ KV TGSWKTGU JKO VQ FTCY
QP C YJQNG TGRGTVQT[ QH OCPCIGOGPV VGEJPKSWGU 5Q VJG VGCEJGT UVWFKGF YJKEJ UWEJ
VGEJPKSWGU JG JCF CNTGCF[ URQPVCPGQWUN[ WUGF 
KP VJG CDQXG + JCXG IKXGP CP GZCORNG JQY
VJG[ JCF YQTMGF QWV YJGTG GNUG VJG[ EQWNF DG CRRNKGF CPF JG GZRNKEKVN[ VJQWIJV QH QVJGT
VGEJPKSWGU #U KV YCU RCTV QH JKU YC[ QH MGGRKPI QTFGT HQT KPUVCPEG VQ DG XGT[ OWEJ RTGUGPV
CPF KP RCTVKEWNCT VQ DG URGCMKPI SWKVG C NQV YG VJQWIJV QH C YC[ VQ EQODKPG VJKU YKVJ PQV
VCMKPI QXGT YKVJ TGURGEV VQ EQPVGPV GI YJGP RWRKNU YGTG ECTT[KPI QWV CP GZRGTKOGPV JG
EQWNF RJ[UKECNN[ YKVJFTCY DWV XGTDCNN[ DG XGT[ RTGUGPV CU C MKPF QH EQOOGPVCVQT
#U O[ GXCNWCVKQP QH VJG HKTUV XGTUKQP XKC GXGT OQTG EQPETGVG UWIIGUVKQPU HQT UVTWEVWTCN
KORTQXGOGPVU ITCFWCNN[ VTCPUHQTOGF KPVQ VJG EQPUVTWEVKQP QH VJG UGEQPF XGTUKQP UQ VJG
VGCEJGT	U UGEQPF UVGR ITCFWCNN[ VTCPUHQTOGF KPVQ YTKVKPI JKU QYP IWKFG HQT VJG UGEQPF
XGTUKQP KG KPVQ C FGVCKNGF URGEKHKECVKQP QH VJG KPUVTWEVKQPCN VGEJPKSWGU CPF JKU TQNG KP VJG
CEVKXKVKGU VJCV YGTG RNCPPGF KP VJG UGEQPF XGTUKQP 6JKU IWKFG YCU KPFGGF XGT[ OWEJ IGCTGF
VQ VJG VGCEJGT JKOUGNH CPF EQPVCKPGF CNN UQTVU QH TGOKPFGTU VJCV GURGEKCNN[ EQPEGTPGF JKO
GI FQ PQV [GV IQ KPVQ KV CKO CV OWVWCN CITGGOGPV FQ PQV VCMG QXGT VT[ VQ KPXQNXG
GURGEKCNN[ VJG 	NGUUGT	 RWRKNU KP VJG FKUEWUUKQP FQ PQV TWP CJGCF QH VJKPIU VCMG UVQEM QH CNN
UWIIGUVKQPU CPF UQNWVKQPU 9TKVKPI JKU IWKFG YCU CV VJG UCOG VKOG VJG VGCEJGT	U RTGRCTCVKQP
HQT VJG VT[QWV QH VJG UGEQPF XGTUKQP
 6T[QWV CPF GXCNWCVKQP QH VJG UGEQPF XGTUKQP
#V VJG UVCTV QH VJG VT[QWV QH VJG UGEQPF XGTUKQP QH VJG FKFCEVKECN UVTWEVWTG DQVJ VJG VGCEJGT
CPF + JCF SWKVG UQOG EQPHKFGPEG KP KV KG YG DQVJ GZRGEVGF VJCV KV YQWNF EQOG QWV CU 	IQQF
GPQWIJ	 $QVJ QH WU CNUQ GZRGEVGF VJCV VJG VGCEJGT JCF OCFG JKOUGNH UQ HCOKNKCT YKVJ VJG
GUUGPEG CPF FGVCKNU QH KV CPF JCF UQ YGNN RTGRCTGF JKU TQNG KP KV VJCV JG EQWNF ECTT[ KV QWV
CU KPVGPFGF +P EJCRVGT  + JCXG CNTGCF[ VTKGF VQ UJQY VJCV DQVJ GZRGEVCVKQPU ECOG VTWG
CNVJQWIJ UQOG UVTWEVWTCN CU YGNN CU RTQEGFWTCN OQFKHKECVKQPU YGTG UVKNN PGEGUUCT[ 
UGG GI
# 2TQDNGO2QUKPI #RRTQCEJ
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UGEVKQP  + CNUQ TGHGT VQ EJCRVGT  HQT C FGUETKRVKQP QH VJG EQQRGTCVKQP DGVYGGP VJG
VGCEJGT CPF OG FWTKPI VJG VT[QWV CPF GXCNWCVKQP QH VJG UGEQPF XGTUKQP
#HVGT VJG GXCNWCVKQP VJG VGCEJGT JCU YTKVVGP C FTCHV VGCEJGT IWKFG VJCV KU PQ NQPIGT OGCPV
VQ DG GURGEKCNN[ IGCTGF VQ JKO +V ECP DG EJCTCEVGTK\GF CU C UJQTVGPGF CPF OQTG GCUKN[
TGCFCDNG OGTIGT QH 
RCTVU QH EJCRVGTU  CPF  QH VJKU VJGUKU KG C LWUVKHKECVKQP QH VJG OCKP
VCUMU CWIOGPVGF D[ RWRKNU	 TGCEVKQPU VQ VJGO CPF UQOG RTCEVKECN ENWGU HQT VGCEJGTU 1WV QH
VJKU FTCHV VGCEJGT IWKFG + PQY SWQVG UQOG HTCIOGPVU QH VJG ENQUKPI UGEVKQP KP YJKEJ VJG
VGCEJGT JKOUGNH IKXGU C IGPGTCN GXCNWCVKQP QH VJG OCVGTKCN
1PEG + FGUETKDGF VJG OCVGTKCN CU 	VJG GPIKPG	 VJG 	HWGN	 HQT YJKEJ KU TGRTGUGPVGF D[ RWRKNU	
EQPVTKDWVKQPU 0QY VJCV +	XG YQTMGF HQT UGXGTCN [GCTU YKVJ VJKU OCVGTKCN +	XG FKUEQXGTGF
VJCV VJKU OGVCRJQT KU PQV VJCV DCFN[ EJQUGP CV CNN 6JG RWRKNU KPFGGF MGGR VJG GPIKPG IQKPI
D[ VJGKT EQPVTKDWVKQPU VJGKT GPVJWUKCUO VJGKT KFGCU CPF GURGEKCNN[ CNUQ D[ VJGKT SWGUVKQPU
#PF GXGP VQ VJG GZVGPV VJCV VJG GPIKPG CNYC[U IQV VJCV YGNN TWP KP VJCV CNOQUV CU C OCVVGT QH
EQWTUG KV OCFG KVU YC[ VJTQWIJ VJG VQRKE QH TCFKQCEVKXKV[ =?
#RCTV HTQO VJCV CNN + KP HCKTPGUU JCXG VQ VGNN VJCV VGCEJKPI KP VJKU YC[ YKVJ 	JQNFKPI DCEM	
CPF 	NKUVGPKPI	 FQGU TGSWKTG SWKVG CP GHHQTV #HVGT VJGUG NGUUQPU + IGPGTCNN[ YCU OQTG VKTGF
VJCP CHVGT NGUUQPU VCWIJV KP O[ QNF YC[ 6JG SWGUVKQP VJGP RTGUGPVU KVUGNH YJGVJGT VJCV
CFFKVKQPCN GHHQTV DCNCPEGU VJG CEJKGXGF TGUWNV + FQ IKXG VJKU SWGUVKQP C ECWVKQWU 	[GU	 VJQWIJ
6JG FGUKIP QH VJG OCVGTKCN 
KVU UVTWEVWTG GORJCUGU CPF DCUKE CUUWORVKQPU JCU OQTG CRRGCN
VQ OG VJCP VJG VTCFKVKQPCN VTGCVOGPV QH VJG VQRKE QH TCFKQCEVKXKV[ (WTVJGTOQTG KV KU O[
GZRGTKGPEG VJCV RTCEVKECNN[ VJTQWIJQWV VJG UGTKGU QH NGUUQPU VJG RWRKNU GPVJWUKCUVKECNN[ EQPVKPWG
VQ VCMG RCTV +P GXCNWCVKQPU QH VJG WPKV VJG RWRKNU VJGOUGNXGU VQQ KPFKECVG VJCV VJG[ JCXG
GZRGTKGPEGF 	NGCTPKPI HTQO GCEJ QVJGT	 CPF 	JCXKPI EQOG VQ UQNWVKQPU QPGUGNH	 CU RQUKVKXG
=EH UGEVKQP  --? =?
+ JCXG EQPHKFGPEG KP VJG UVTCVGI[ FGUETKDGF KP VJKU IWKFG ;QW VQQ YKNN JCXG VQ IGV EQPHKFGPEG
KP KV #NN + ECP UC[ KU VJCV KP O[ UGTKGU QH NGUUQPU QP VJG DCUKU QH VJKU OCVGTKCN =? VJG
PGEGUUCT[ HWGN HQT VJG GPIKPG JCU CNYC[U DGGP UWHHKEKGPVN[ UWRRNKGF D[ VJG RWRKNU 6Q RWV KV
FKHHGTGPVN[ +	XG PGXGT DGGP CHTCKF VJCV YG YQWNF EQOG VQ TWP FT[ YG	XG PGXGT GXGP FTKXGP
QP VJG TGUGTXG VCPM
 5QOG IGPGTCN TGOCTMU QP VJG TQNG QH C VGCEJGT
+P VJKU UGEVKQP + VT[ VQ IQ DG[QPF VJG GFWECVKQPCN GZRGTKOGPV VJCV VJKU VJGUKU TGRQTVU QP KG
DG[QPF VJKU RCTVKEWNCT VGCEJGT VJCV JCU YQTMGF YKVJ VJKU RCTVKEWNCT OCVGTKCN KP VJKU RCTVKEWNCT
TGUGCTEJ +P FQKPI UQ + CNUQ IQ DG[QPF C HKTO ITQWPF QH GZRGTKGPEGU VQ DCUG O[ QRKPKQPU
QP CPF VQ UQOG GZVGPV DG[QPF O[ EQORGVGPEG 5Q VJKU UGEVKQP KU QH C URGEWNCVKXG PCVWTG
CPF UJQWNF CEEQTFKPIN[ DG TGCF CU C TGRTGUGPVCVKQP QH UQOG QH O[ RGTUQPCN KFGCU .GV OG
DGIKP YKVJ IQKPI DG[QPF VJKU RCTVKEWNCT VQRKE 6JKU KU YJCV VJG VGCEJGT JCU VQ UC[ CDQWV KV

KP JKU FTCHV VGCEJGT IWKFG
/[ OQUV KORQTVCPV HKPFKPI VJQWIJ KU VJCV [QW YKNN PQV DG CDNG VQ YQTM YKVJ VJKU OCVGTKCN
KH [QW JCXGP	V CV NGCUV EQOG VQ DGNKGXG KP KVU DCUKE CUUWORVKQPU GI EQPHKFGPEG KP VJG
KORQTVCPEG QH 	RQUVRQPKPI SWGUVKQPU	 CPF 	JQNFKPI DCEM	 QH [QW CU VGCEJGT #TG VJGUG DCUKE
CUUWORVKQPU CPF UVTCVGI[ CNUQ CRRNKECDNG VQ QVJGT VQRKEU HTQO VJG RJ[UKEU EWTTKEWNWO! + FQ
VJKPM UQ RQUVRQPKPI SWGUVKQPU YKNN DG IQKPI VQ HWPEVKQP CU UQOGVJKPI PQTOCN HQT VJG RWRKNU
'URGEKCNN[ KH OQTG QHVGP VJG[ PQVKEG VJCV VJG CPUYGTU CTG HQWPF 
CPF QHVGP D[ VJGOUGNXGU
CU C OCVVGT QH EQWTUG =? 6JKPMKPI QH GZRGTKOGPVU QPGUGNH CPF FTCYKPI EQPENWUKQPU HTQO
VJQUG KU CEEQTFKPI VQ OG CNUQ QH WUG HQT OQTG VQRKEU &QGU CNN VJKU OGCP VJCV KP [QWT RJ[UKEU
6JG VGCEJGT	U TQNG
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ENCUUGU [QW YKNN VQOQTTQY DG CDNG VQ DGIKP YKVJ 	JQNFKPI DCEM	 RQUVRQPKPI SWGUVKQPU NGVVKPI
RWRKNU VJGOUGNXGU VJKPM QH GZRGTKOGPVU ECTT[ VJQUG QWV CPF PQVG FQYP EQPENWUKQPU! 6JG
CPUYGT VQ VJKU SWGUVKQP KU C XGT[ FKUVKPEV PQ /CVGTKCN VJCV OCMGU RQUUKDNG UWEJ CP CRRTQCEJ
HQT QVJGT VQRKEU UKORN[ KUP	V CXCKNCDNG $WV KH UWEJ OCVGTKCN KU VQ EQOG CPF KV KUP	V WR VQ OG
VQ VCMG ECTG QH VJCV + YKNN UWTGN[ WUG KV
.KMG VJG VGCEJGT + DGNKGXG VJCV VJG DCUKE CUUWORVKQPU CPF UVTCVGI[ CTG CRRNKECDNG VQ QVJGT
VQRKEU CU YGNN +P HCEV KP EJCRVGT  + JCXG CNTGCF[ SWKVG IGPGTCNN[ RTGUGPVGF C INQDCN QWVNKPG
QH C FKFCEVKECN UVTWEVWTG + CNUQ VJKPM VJCV VJG VGCEJGT YKNN DG CDNG VQ YQTM YKVJ OCVGTKCN VJCV
HQT UQOG QVJGT VQRKE OCMGU RQUUKDNG C UKOKNCT CRRTQCEJ KG YKVJ C 	IQQF GPQWIJ	 FKFCEVK
ECN UVTWEVWTG QH UQOG QVJGT VQRKE + CNUQ VJKPM VJCV KV YQWNF PQV VCMG JKO VJCV OWEJ RTGRCTC
VKQP VKOG CU JKU NGCTPKPI VQ YQTM YKVJ VJG FKFCEVKECN UVTWEVWTG QH VJG VQRKE QH TCFKQCEVKXKV[
JCU VCMGP JKO #HVGT CNN JG FQGU CNTGCF[ DGNKGXG KP VJG DCUKE CUUWORVKQPU CPF UVTCVGI[ UQ
JKU RTGRCTCVKQP YQWNF UKORN[ DG C OCVVGT QH HKPFKPI QWV JQY VJG DCUKE CUUWORVKQPU JCXG DGGP
FGVCKNGF CPF JQY VJG UVTCVGI[ EQWNF DG FGVCKNGF HQT VJG ECUG CV JCPF +P CNN VJKU JG YQWNF
QH EQWTUG FTCY QP JKU GZRGTKGPEG YKVJ 
YQTMKPI YKVJ VJG FKFCEVKECN UVTWEVWTG QH VJG VQRKE
QH TCFKQCEVKXKV[ + CNUQ VJKPM VJCV VJG VGCEJGT JKOUGNH YQWNF PQV DG CDNG VQ EQPUVTWEV HQT UQOG
QVJGT VQRKE OCVGTKCN VJCV OCMGU C UKOKNCT CRRTQCEJ RQUUKDNG 6JKU QH EQWTUG KU PQ FKUITCEG
+ O[UGNH HQT KPUVCPEG VJKPM VJCV + CO CDNG VQ EQPUVTWEV FKFCEVKECN UVTWEVWTGU HQT QVJGT VQRKEU
CPF VJCV VJQUG 
TGEQPUVTWEVKQPU YKNN OWEJ SWKEMGT EQPXGTIG VQ 	IQQF GPQWIJ	 FKFCEVKECN
UVTWEVWTGU VJCP JCU DGGP VJG ECUG HQT VJG VQRKE QH TCFKQCEVKXKV[ DWV + FQ PQV VJKPM QH O[UGNH
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11 Looking forward
11.1 Introduction
As mentioned in section 5.4.3, I take it to be an important task of science educational
research to devise, empirically test, improve, etc, concrete didactical structures, with as
eventual aim an empirically based didactical structure of science. I think I have taken a
few steps in this direction. I have devised, empirically tested, improved, etc, a concrete
didactical structure: of the topic of radioactivity (cf chapters 7 to 9). In chapter 6,
furthermore, I have presented some ideas for outlining a didactical structure at a global
level, of which I have suggested that they are also of use in thinking about concrete
didactical structures of other scientific topics, and about the general outlines of a
didactical structure that covers the whole of science education. In sections 11.2. and
11.3 I somewhat further elaborate these suggestions. They may also be read as some
first thoughts about future steps that I intend to take.
11.2 Sketch of a didactical structure of the topic of heat and tem-
perature
In this section I try to illustrate how the ideas for outlining a didactical structure at a
global level that are presented in section 6.3 give a purpose and direction to one's
construction of concrete didactical structures. In particular, I present an attempt to give
content to these ideas in the form of a didactical structure of a topic that may
provisionally be called 'heat and temperature' (what I have in mind is such subject
matter as heat flow, combustion and heating processes, calorimetry, specific heat,
calorific value of food, melting heat, etc).1)
   In section 11.2.1 I begin with a rough indication of what the first coherent and worth-
while endpoint in a didactical structure (a descriptive level) might look like for the case
of the topic of heat and temperature. Section 11.2.2 concerns the first part of a
didactical structure (the emergence of a ground level for a descriptive level), in which
                                        
1. In giving concrete form to the general ideas presented in section 6.3, one will of course have to call forth all
that might be of use: one's knowledge about the topic at hand, the way the topic is treated in various
curricula, the historical development of the topic, etc. In the case at hand, I have been inspired by a series of
lessons on the topic of heat and temperature that has been developed and taught by Rupert Genseberger.
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the foundation is laid of a descriptive level of the sort indicated in section 11.2.1.
Section 11.2.3 is about the transition from ground level to descriptive level, and in
section 11.2.4 I explore the possibilities for a transition from descriptive level to
theoretical level.
11.2.1First thoughts about a suitable descriptive level
Let me begin with what, from the curriculum deviser's point of view, a suitable
descriptive level might be, i.e., specific ways of describing and a set of generalizations
involving these ways of describing, by means of which it is possible to explain and
predict a range of events that are of practical interest to an extent that is quite sufficient
for practical purposes.
Concerning the specific ways of describing, I think that the following two are basic for
the topic of heat and temperature: a specific use of the expression 'the temperature of O'
and a specific use of the expression 'E is a heat flow from O1 to O2,' where O(i) is an
object (taken in a broad sense, such that, e.g., also the air in this room is an object), and
E is an event. The specific use of the first expression involves a specific way of
characterizing objects, and is straightforward: the temperature of an object is the
number a thermometer displays when held against that object. The specific use of the
second expression involves a specific way of relating an event and a pair of objects: it
applies to an event E and a pair of objects O1 and O2 just in case the two objects are in
contact and the event E is a simultaneous fall of the temperature of O1 and rise of the
temperature of O2.2) A sentence of the form 'Heat flows from O1 to O2' is, accordingly,
to be understood as: 'O1 and O2 are in contact, and an event occurs that is a simulta-
neous fall of the temperature of O1 and rise of the temperature of O2.' Henceforth I will
refer to these specific ways of using the two terms as their 'scientific use,' and speak of
the terms thus used as 'the two basic scientific notions.'
   The two scientific notions are basic in the sense that they have simple criteria of
application. They are also basic in the sense that further notions can be based on them.
The qualitative notion '... is a heat flow from ... to ...' can e.g. be turned into a
quantitative one: 'the amount of heat that has flown from ... to ...,' by reference to the
change in temperature of some conventionally chosen 'standard' (one litre of water).
This quantitative notion in turn allows the introduction of further quantitative notions
such as those of specific heat, calorific value or rate of heat flow.
Concerning the generalizations involving the basic scientific notions, one can for
                                        
2. Note that concerning the words 'temperature' and 'heat' similar comments can be made as in section 2.2.3
concerning the word 'force:' they too do not refer to any entity whatsoever; they too do not have a meaning
in isolation, but only as they are part of larger expressions; and also to understand those expressions no other
ontology is required than the familiar one of objects and events (no abstract entities -one might try
temperatures or portions of heat, whatever those might be- need to be added to this familiar ontology). The
smallest meaningful expressions in which the words 'temperature' and 'heat' occur are 'the temperature of
...' and '... is a heat flow from ... to ...' respectively. Of course, when it is clear what is meant shorter
expressions may be used, e.g.: 'The temperature is 13EC' as shorthand for 'The temperature of the
surrounding air is 13EC.'
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instance think of the following one: if two objects of different temperature are brought
into contact, then there will be a heat flow from the object with the initial higher
temperature to the other until, in the end, the temperature of both objects is equal. Or of
a quantitative form of that generalization, which involves specific heats. Or of a
generalization that involves rates of heat flow between the two objects.
A descriptive level of the sort outlined above, moreover, offers the perspective of an
improved understanding of real life situations or situations that are of practical interest,
to an extent that is quite sufficient for practical purposes. Together with the numerical
values of the specific heats of some materials, it can, e.g., be used to (at least partly)
understand why seas react rather slowly to changes in temperature, or to choose
appropriate lagging materials. And if one chooses to also indicate how the calorific
value of food is determined (roughly: burn a piece of food and measure the resulting
change in temperature of a surrounding bath of water), the descriptive level can be used
to (at least partly) understand how we keep our body temperature.
11.2.2The emergence of a ground level
This section concerns the emergence of a ground level, i.e., an intermediate stage that,
from the pupils' point of view, provides their further process with a purpose and
direction and, from the curriculum deviser's point of view, contains enough germs for
that further process to develop into a descriptive level of the sort outlined above. Pupils'
arrival at a ground level involves the inducement of a global motivation and practical
problems, and the creation of appropriate places in pupils' existing conceptual apparatus
for the two basic scientific notions to occupy. Below I devote quite some space to the
emergence of a ground level, because in a sense it is the most important part of a
didactical structure. It is the part in which the whole process has to be set on the right
track.
Inducing a global motivation
In thinking about a way to induce a global motivation for the topic of heat and
temperature, one will have to think of a way of introducing the topic that makes a
further study of the topic relevant to pupils, at least to some extent. One may, e.g., try
to introduce the topic in the context of some questions concerning real life situations
that, from the pupils' point of view, are interesting enough and clearly have got
something to do with 'heat and temperature,' and that, from the curriculum deviser's
point of view, are such that in the further course they can (at least partly) be answered.
E.g.: why it is that seas react so slowly to changes in temperature (summer and winter),
and how this influences the weather; how houses can best be insulated in order to save
money and resources; how it is that we ourselves stay warm. I think it would be good to
think of some more questions of this kind in order to induce a global motivation that is
strong enough to make pupils stand ready to learn more about the topic of heat and
temperature.
A suitable practical problem
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It will be clear from section 11.2.1 that, whatever the details of the descriptive level
turn out to be, pupils' reaching it will for an important part consist in an empirical study
of what happens to the respective temperatures of two objects that are brought into
contact. Pupils' arrival at a ground level for the descriptive level will therefore have to
consist in making them see the point of such a study. Accordingly, a suitable practical
problem to be induced in the case at hand will be something like: to systematically find
out what happens to the temperatures of two objects that are brought into contact.
Analysis of the relation between the basic scientific notions and pupils' existing
conceptual apparatus
As I try to demonstrate below, the above practical problem is more or less naturally
induced in the process of creating appropriate places for the two basic scientific notions
in pupils' conceptual apparatus. Or, put differently, their seeing the point of a
systematic study of what happens to the respective temperatures of two objects that are
brought into contact emerges more or less simultaneously with their seeing the point of
having available the two basic scientific notions. As a preparation to this demonstration
it will be good to first analyze how those notions relate to pupils' existing conceptual
apparatus.
Let me begin with the scientific notion 'the temperature of ....' It may at first be argued
that this notion is already part of pupils' existing conceptual apparatus. And in a sense
this is true, of course: pupils are familiar with thermometers and know that they are
used to measure, e.g., the temperature of the surrounding air, or one's body
temperature.
   I also think, however, that there is a sense in which the scientific notion 'the
temperature of ...' is not part of pupils' existing conceptual apparatus, namely in the
sense that it is not an independent notion in their existing conceptual apparatus. To be
more specific, in everyday life a thermometer functions as a sort of extension of our
senses, which is used to obtain a more precise indication than our senses allow (taking
someone's temperature) or to communicate to others how warm it will feel (weather
forecast), and which can also be used when we ourselves would not want to feel how
warm something is (very hot or cold objects). What makes a thermometer a trustworthy
instrument for these purposes, is that it displays a higher number when it, or something,
feels warmer. For daily life purposes, therefore, the relation 'O1 has a higher tem-
perature than O2' (i.e., 'the temperature of O1 is higher than the temperature of O2')
serves as a kind of objective form of the more basic relation 'O1 feels warmer than O2,'
in the sense that statements of the kind 'This has a higher temperature than that' serve to
indicate that this will feel warmer than that.
   So although the everyday relational expressions 'O1 has a higher temperature than O2'
and 'O1 feels warmer than O2' do have a different meaning, in the sense that to establish
whether the former relation holds one has to use a thermometer and to establish whether
the latter holds one's own senses, for daily life purposes they are (and can be) used as
having the same extensions, i.e., as either both holding or both not holding.
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Let me now turn to the second scientific notion, 'E is a heat flow from O1 to O2,' and
see how it relates to pupils' existing conceptual apparatus. Recall from section 11.2.1
that this notion applies to an event E and a pair of objects O1 and O2 just in case the two
objects are in contact and the event E is a simultaneous fall of the temperature of O1 and
rise of the temperature of O2. Now surely this notion is not part of pupils' existing
conceptual apparatus.
   There is, however, an existing everyday use of the expressions 'heat/cold flow
from/to' that is very basic in the sense that it relates to one's own heat sensation. The
everyday use I have in mind here is that someone, when touching a cold object, says: "I
feel the cold flow into my hand" or "I feel the heat flow out of my hand." The relation
between this everyday use and the scientific notion is as follows. If, according to
scientific usage, there is a heat flow from one object to another and one of the objects is
(a part of) our body, we experience what, according to everyday usage, is called 'a
heat/cold flow from/to (that part of) our body.'
   So there are clear differences between the scientific use of the expression '... is a heat
flow from ... to ...' and the everyday use: the scientific use involves thermometers and
the everyday use one's own heat sensations; the scientific use is broader in the sense that
it allows one to establish whether the expression has application in cases where the
everyday use has no direct application, i.e., where neither of the two objects that are
brought into contact is (a part of) one's body. But in those cases in which the expression
has application according to everyday usage, i.e., in which we have a bodily experience
of a heat/cold flow, it also has application according to scientific usage.
The creation of appropriate places for the basic scientific notions in pupils' conceptual
apparatus more or less naturally induces the practical problem
Let me now address the creation of appropriate places in pupils' existing conceptual
apparatus for the two basic scientific notions to occupy. Concerning the notion 'the
temperature of ...,' the above analysis suggests that what has to be created in pupils'
conceptual apparatus, is a place for the relation '... has a higher temperature than ...' as
distinct from the relation '... feels warmer than ....' In a while I will come back on how
this creation can appropriately be given concrete form. Let me here just note that,
obviously, part of this creation will consist in pupils' observation, in a few clear cases,
that the latter two relations do not have the same extensions, e.g., the observation that
the temperature of this wooden bar equals the temperature of that iron bar, while the
wooden bar feels warmer than the iron bar. What I want to illustrate first, is that such
observations more or less naturally trigger further observations which, in turn, both
create a place in pupils' conceptual apparatus for the scientific notion '... is a heat flow
from ... to ...' eventually to occupy and give a point to a further study of what happens
to the respective temperatures of two objects that are brought into contact. The basic
idea is as follows.
The above analysis suggests that a place for the scientific notion '... is a heat flow from
... to ...' eventually to occupy can be created by pupils' observation, in a few clear
cases, that a bodily experience of what, according to everyday usage, is called a
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'heat/cold flow from an object to (a part of) our body,' or vice versa, is accompanied by
a rise or fall in the temperature of that object. Or, to put it somewhat differently, the
reason why the scientific notion is not part of pupils' existing conceptual apparatus, is
not that its application is particularly difficult or something. In fact, its application
involves not much more than the ability to read a thermometer. The reason that there is
no such existing everyday use is rather that in daily life simply no occasions arise in
which it is worthwhile to measure with thermometers what happens to the respective
temperatures of two objects that are brought into contact.
   Once a place for the relation '... has a higher temperature than ...' as distinct from the
relation '... feels warmer than ...' has been created, however, I think that such an
occasion quite naturally arises. For I think that, once it has e.g. been established that the
temperatures of the wooden bar and the iron bar are equal while the wooden bar feels
warmer than the iron bar, it is at least not strange to raise the question what happens to
the temperatures of the wooden bar and the iron bar when they are held in one's hands.3)
   It will then be noticed that while both temperatures rise, and in the end to approxi-
mately the same temperature, the temperature of the iron bar rises faster than that of the
wooden bar. Moreover, while noticing the rise in temperature of e.g. the iron bar, one
experiences what, according to the everyday usage, is called 'a heat flow out of one's
hand' (or, alternatively, 'a cold flow into one's hands'). In the end, furthermore, the
wooden bar and the iron bar feel equally warm.
I think that such observations play an important role, on the one hand, in making pupils
see the point of having available an expression that applies to an event and a pair of
objects in case the two objects are in contact and the event is a simultaneous fall of the
temperature of one and rise of the temperature of the other object, and on the other hand
in making pupils see the point of agreeing to use the expression '... is a heat flow from
... to ...' for this purpose.
   Firstly, the observations give a point to a further study: at first, perhaps, of what
happens to the temperature of one's hand when, e.g., one holds the iron bar; later, more
generally, of what happens to the respective temperatures of two arbitrary objects that
are brought into contact. In this further study the point will come forward of having
available an expression that applies to what then invariably seems to happen: a simulta-
neous fall of the temperature of the object with the initial higher temperature and rise of
the temperature of the other object.
   Secondly, an agreement to use the expression '... is a heat flow from ... to ...' for this
purpose, can be made plausible for pupils by their observations that, when one of the
objects involved is a part of their body, the rise or fall of the temperature of the other
object (and simultaneous fall or rise of the temperature of that part of their body) is
accompanied by a bodily experience of a heat/cold flow from/to (that part of) our
body.4) By this agreement, then, the scientific notion '... is a heat flow from ... to ...'
                                        
3. The experimental setting here can be rather straightforward. Genseberger uses wooden and iron bars in
which a hole has been drilled to accommodate a thermometer. The thermometers that he uses, furthermore,
are quickly responding liquid-in-glass thermometers.
4. Note that it is part of making this agreement that, instead of calling an event that is a simultaneous fall of the
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functions as a sort of extension of our senses: it has application in those cases in which
one has a bodily experience of a heat/cold flow; its criteria of application are such,
moreover, that it can also be established whether it has application in other cases.
In the above I have already noted that some of the observations give at least some point
to a further study of what happens to the respective temperatures of two objects that are
brought into contact, i.e., to pupils' appreciation of the practical problem. Let me here
add that pupils' intention to tackle a problem like this one will of course be further
strengthened if the problem can be given a further point, e.g. by relating it to some of
the questions that have been raised in the global motivation. I think this is indeed
possible. Take, for instance, their observation that, when holding the wooden bar and
the iron bar in one's hands, the temperature of the iron bar rises faster than that of the
wooden bar. I think it will be intuitively clear to pupils that this finding is somehow of
relevance to understand why seas react so slowly to changes in temperature and why one
material has better insulating quality than another, and that the findings which will come
forward in a further study can be expected to throw further light on such matters.
Some concrete activities to set the creation of appropriate places in motion
Let me now come back on what I have left open in the above: to give concrete form to
the creation in pupils' conceptual apparatus of a place for the relation '... has a higher
temperature than ...' as distinct from the relation '... feels warmer than ...' in an
appropriate way, i.e., by productively making use of their existing knowledge and uses
of language. I have already noted that part of this creation consists in pupils' observa-
tion, in a few clear cases, that the two relations do not have the same extensions. I think
it would not be appropriate, however, if the creation started with this part, i.e., if in one
of the first activities pupils were asked to measure the temperatures of, e.g., a wooden
bar and an iron bar (or to first predict and then measure). For although they will then
find, probably to their surprise, that the temperatures are equal, may come to realize
that their surprise (and/or previous prediction) has to do with the fact that the wooden
bar feels warmer than the iron bar, or perhaps even come to realize that in their
expectation that the temperature of the wooden bar would be higher than that of the iron
bar they implicitly made use of a generalization that was based on situations they had
come across5) (e.g., whenever an object feels warmer than another its temperature is
higher than that of the other), I think some further preparation is needed in order to
secure that pupils will be able to give this finding (with accompanying realizations) its
proper place amidst their existing knowledge. In particular, this finding should not lead
them to call in question that, for daily life purposes, a thermometer is a trustworthy
instrument. On the contrary, the proper place of the finding ought to be that, although a
thermometer is and remains a trustworthy instrument for everyday purposes, there are
also situations (such as that of the wooden and iron bar) which show that the above
                                                                                                              
temperature of one and rise of the temperature of the other of two objects that are in contact 'a heat flow
from the one to the other object,' one could also have agreed to call such an event 'a cold flow from the
other to the one object.'
5. See section 2.2.3 for a similar remark.
A Problem-Posing Approach
 
254
mentioned generalization does not hold good, and that these situations deserve a further
investigation.
The above objection to letting pupils (predict and) measure the temperatures of a
wooden and iron bar too soon, can also be put as follows: pupils will then become aware
of the generalization (as part of their realization that their expectation was implicitly
guided by it) in a negative context, namely as part of their finding that it does not hold
good; and this may prevent that their finding finds the above mentioned proper place in
their existing knowledge. Putting the objection this way, readily suggests an activity that
has to precede one in which they (predict and) measure the temperatures of, e.g., a
wooden and iron bar, in order that their finding then does find its proper place (e.g. in
the form that the generalization does not always hold good), namely an activity in which
they first become aware of the generalization in a positive context, i.e., in a context in
which its holding good is explicitly reinforced. The following task may initiate this.
Describe some situations in which you want to know how warm (or cold) something is,
or whether something is warm (or cold) enough.
Why do you want to know this in these situations?
How do you find this out in these situations?
Note that this task links up with everyday language in the sense that the everyday
expression 'how warm ... is' is used. Furthermore, the task links up with pupils'
existing knowledge in the sense that they are asked to draw upon their own experience.
It can be expected that they will bring forward all sorts of situations (the weather, food,
drink, shower, flame, body, freezer, etc); several different purposes, depending on the
situation (not want to be surprised by a throw of cold water, find out whether someone
has fever, etc); and all sorts of ways of finding out, depending on the situation (just feel
it, feel with hands, lips, elbows, measure with thermometer, trust the measurements of
others, hear a whistling kettle, see a misted window, etc). In order to find out how
warm something is, the use of a thermometer is thus expected to naturally come forward
as one of the means, alongside in particular the more basic use of one's own heat
sensation. As an introduction to the following task, the teacher may explicitly bring this
to pupils' attention, e.g.: in some situations we feel for ourselves how warm something
is, in others we (also) use a thermometer; why is that, or, why do we use thermometers
anyhow for something we ourselves are also able to feel? The following task,
accordingly, is:
What is the point of using thermometers?
I expect that, on the one hand, this task will challenge pupils because they have never
actually thought about the point of using thermometers while, on the other, they will be
able to answer the question by reflecting on and productively using what they have
brought forward in the previous task. In particular I expect that in thinking about the
question the above generalization's holding good is explicitly reinforced: although we
could in principle feel for ourselves instead of using a thermometer, in some situations
there nevertheless is a point in using a thermometer (to obtain a more precise indication
than our senses allow, to communicate to others how warm it is, to find out how warm
something is when we ourselves would not want to feel it, etc).
   The generalization's holding good can be further reinforced as part of an activity that
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the above quite naturally gives rise to. An activity, namely, in which some
measurements with thermometers are actually done in order to substantiate some of the
points of using thermometers that pupils have brought forward, e.g.: that there are
indeed thermometers by means of which it can be established how warm or cold, e.g., a
flame or solid carbonic acid is; that a clinical thermometer allows a more precise
indication than our senses, etc. Some experiments can then also be done in which it is
found that, indeed, a thermometer displays a higher number when something feels
warmer. Furthermore, when thermometers with different scales are used (e.g., Fahren-
heit and Celsius) it may come forward that the fact that they display different numbers
does not really matter. All that matters is that both do what they are supposed to do:
display a higher number when something feels warmer.6) Towards the end of an activity
like this one, finally, some experiments can be done in which it is not the case that a
thermometer displays a higher number when something feels warmer, e.g. by measuring
the temperature of a table's wooden top and one of its iron legs.
                                        
6. An activity in which some measurements with thermometers are done can also be made useful in other
ways. For one thing, it offers opportunities to bring forward points that later on can be referred back to.
More or less in play, for instance, the pupils will get familiar with some thermometers (with their range,
precision, mode of handling, etc) such that later on they can choose the appropriate ones for a given
situation. Moreover, the fact that there are thermometers with different scales, each of which does what it is
supposed to do, pro-vides a relatively simple case for realizing that some arbitrary choices have to be made
if one wants to turn some qualitative notion (in this case '... is warmer than ...') into a quantitative one (in
this case 'how warm ... is'). This can be referred back to later on, in the more difficult case of turning the
qualitative notion '... is a heat flow from ... to ...' into a quantitative notion 'the amount of heat that has
flown from ... to ....'
In the above I have in some detail indicated how pupils can come to see the point of
extending their conceptual apparatus with the two basic scientific notions. Since part of
this extension consists in agreements to use some expressions in a specific way, they
will then also see the point of using those expressions in accordance with the agree-
ments. Let me add here that in general it will take some time before they will be able to
do so routinely, and so they must be given that time. They can, of course, be challenged
to appropriately use the appropriate expressions, e.g.: if they use the everyday
expression '... is warmer than ...,' they can be reminded that in some situations it is
necessary to be more precise and to specify both which of two objects feels warmer and
which of those has a higher temperature.
11.2.3From ground level to descriptive level
I think that in a process of the sort outlined in the previous section a proper ground level
emerges for a descriptive level of the sort outlined in section 11.2.1. Pupils have come
to see the point of a further study of heat flows between objects that are brought into
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contact, and expect that this further study will also lead to an improved understanding of
real life situations or situations of practical interest. From the curriculum deviser's point
of view, moreover, it is reasonable to expect that in the course of a further study pupils
will arrive at, and come to value, a descriptive level of the sort outlined in section
11.2.1. Since the two basic scientific notions have simple conditions of application, for
instance, their further study naturally consists in an empirical investigation. Thus, pupils
can play an active part in the establishment of appropriate generalizations involving the
basic notions, e.g.: if two objects of different temperature are brought into contact, then
there will be a heat flow from the object with the initial higher temperature to the other
until, in the end, the temperatures of the two objects are equal. In order to throw further
light on real life situations or situations of practical interest, a need to make this finding
more precise is expected to arise, e.g.: what the final temperature, the rates of
temperature change, etc, depend on, and how. In this process, the point of introducing
further notions such as those of amount of heat flow and specific heat is expected to
come forward. And as already noted in section 11.2.1, such further notions can be based
on the two basic scientific notions that pupils already command. Appropriate generaliz-
ations involving the further notions, finally, are indeed relevant to matters of practical
interest (as also noted in section 11.2.1).
I now leave unspecified any further details of a transition from ground level to
descriptive level. Let me just make two general remarks that ought to be borne in mind
in giving concrete form to this transition. The first is to pay special attention to the
'specific way of describing' part that plays an unavoidable role in applying
generalizations to specific cases. In particular I think that pupils need to be given the
opportunity to become skilled in analyzing ever more complex situations in terms of
pairs of objects that are in contact and between which heat flows occur. The second
general remark relates to the fact that, in principle, the descriptive level could be
extended almost without end: in the direction of heaters, combustion processes, melting
and boiling processes, the calorific value of food, physiological processes that are
involved in heat sensation, and so on. The remark is an obvious one: in choosing
between possible further extensions, a guiding principle is to ask oneself (as curriculum
deviser) which further extensions are most relevant to matters of practical interest.
11.2.4From descriptive level to theoretical level
Let me finally briefly discuss the possibilities of a transition to a theoretical level. I
think that an attempt at such a transition can be made if (1) the descriptive level is
extended far enough, in particular in the direction of melting and boiling processes, and
if independent of the topic of heat and temperature (2) pupils have already got somewhat
at home in scientific particle models in the course of arriving at one specific such
model, namely (a simplified version of) the kinetic theory of gases.7) In section 5.3.2 I
have already noted that to achieve the latter poses a non-trivial educational task. I will
not address this task now (see Vollebregt, 1995, for some suggestions), but rather
                                        
7. Perhaps it is also good to add that the pupils I have in mind here are higher ability pupils in the top classes of
secondary school.
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assume that it has been met, i.e., that condition (2) above is satisfied. If then also
condition (1) is satisfied, I think that in the course of arriving at the descriptive level
some theoretical problems are likely to come forward (or rather easily to induce) that at
least offer the perspective of a transition towards a theoretical level, namely in the form
of an extension of the kinetic theory of gases towards a (simple) scientific particle model
that also applies to liquids and solids. Let me give an example.
One of the generalizations that pupils have established quite early in the transition from
ground level to descriptive level is that if two objects of different temperature are
brought into contact, then there will be a heat flow from the object with the initial
higher temperature to the other until, in the end, the temperatures of the objects are
equal. In studying melting and boiling processes, pupils will have found, probably to
their surprise, that for such processes this generalization does not hold. Where they had
expected, e.g., a heat flow from an object with an initially higher temperature to an
object undergoing a change of phase, in the sense that if the latter object were replaced
by an object not undergoing a change of phase its temperature would rise, this turns out
not to be the case for the object undergoing the change of phase. In fact, it will be found
that its temperature remains constant during the phase transition.
   Although in the further process pupils may have modified the agreement concerning
the expression '... is a heat flow from ... to ...' in order to also speak of heat flows in
the case of melting and boiling processes, and may have established and come to value
some further regularities governing such processes (including, e.g., the definition and
measurement of melting and boiling heats of some substances), I think that the above
finding itself is also likely to raise a theoretical question. The question, namely, why it
is that in some cases there is a rise in the temperature of some target object and in other
cases not, and that asks for an answer that goes beyond the true, but nevertheless some-
how unsatisfactory statement that in the former cases the target object does not and in
the latter cases does undergo a phase transition. This demand for deeper understanding
may also be called a demand for a unification of 'ordinary' heat flow processes and
melting and/or boiling processes.
In order to meet this demand, pupils' already being somewhat at home in scientific
particle models can be brought into play. That is, a switch to a vocabulary similar to the
one they have made in arriving at (a simplified version of) the kinetic theory of gases
may be suggested: to also characterize liquids and solids as a collection of particles, and
to try to reach the required deeper understanding in terms of changes of position and
velocity of these particles (as the kinetic theory of gases has enabled them to reach a
deeper understanding of the behaviour of gases). It may further be suggested to take
over one of the hypotheses of the kinetic theory of gases, and to generally equate the
temperature of an object with the mean speed (or something like that) of the particles.
   I think it is then not beyond higher ability pupils in the top classes of secondary school
to at least try to answer the theoretical question, guided by the sorts of explanation they
have already given in terms of the kinetic theory. Perhaps they can also arrive at (or at
least come to appreciate) an answer somewhat as follows. When two collections of par-
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ticles, of which the mean speed (or something like that) in the one collection is initially
higher than that in the other, are brought into contact, such that collisions can occur
between particles of both collections, one thing that can happen as a result of the
collisions is that the mean speed of the particles in the former collection gradually
decreases while at the same time the mean speed of the particles in the other gradually
increases until, in the end, the mean speed of the particles in both collections is equal
(ordinary heat flow between two objects); another thing that can happen is that the
collisions not so much lead to an increase in the mean speed of the particles in the latter
collection, but to structural changes in the pattern of motions of the particles in that
collection (change of phase). Further assumptions can be made about the sorts of pattern
of motions that distinguish solids, liquids and gases. The relative stability of these sorts
of pattern, as well as the transitions between them (the changes of phase), can eventually
be further accounted for by means of appropriate (qualitative) hypotheses concerning the
forces that the particles mutually exert on each other. And so on.
11.3 Toward a didactical structure of science
In the above I have pointed at what I think is an important task of research in science
education: the development, evaluation, improvement, etc of didactical structures of a
variety of science topics. As an equally important task I consider the construction of,
what may be called, a didactical structure that covers the whole of science education,
from kindergarten to the end of secondary school (or even further). What I have in mind
is a map of science, for a science education fit for all the people (cf Ogborn, 1994a): a
global outline of science education, with a segregation into its various subdisciplines at a
time that this makes sense to pupils, "with staging posts along the way which also
provide coherent and worthwhile endpoints," e.g., for the various ability levels or for
pupils who at some stage drop a particular subject (Millar et al, 1990); by means of
which pupils get a fair idea of what science is about, of its (various) modes of explana-
tion, of how it is made, of its value, of its relation to society, technology, mathematics,
the humanities, etc; which contributes, moreover, to their development towards grown-
ups with a charitable and critical attitude who are willing and able to take their
responsibility;8) all this, finally, as a part of providing pupils with an orientation on
possibilities to fill their future lives.
I do not think that the two above mentioned tasks are separate ones, nor that the one can
                                        
8. I think that science education provides plenty of opportunities to contribute to this, if it is cast in a problem-
posing form. For then pupils will have to reason both deductively and inductively, follow the reasoning of
others, weigh their hypotheses and those of others in the light of available evidence, collect new evidence in
order to decide between various hypotheses, weigh the value of scientific knowledge also in the light of e.g.
the ethical issues raised by its possible applications, and, more generally, take some control over and
responsibility for what they are doing -in particular, concerning the progress they make with respect to
content. The way the scientific content itself is expressed, moreover, which e.g. involves the use of express-
ions in a way that is different from everyday use, provides an excellent playground for practising careful
interpretation.
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only be dealt with after the other has been completed. Rather, work on one task may
benefit from work on the other. Let me just give a few examples, without in any way
pretending to be exhaustive. Having available some examples of how, for a specific
topic, pupils' learning may be cast in a problem-posing form, for instance, may serve as
a source of inspiration to also try to do so on a more global level, i.e., to so arrange
science education that not only topic by topic pupils themselves will experience their
learning process as an internally coherent one with a certain direction that in important
respects is being driven by their own questions and interests and over which they have
some control, but also across various topics or even subjects. When thinking about a
didactical structure of science, one will thus, among other things, have to think both of
topic- or subject-transcending themes (e.g., modelling) and of topic- or subject-
immanent themes (e.g., particular modes of explanation), because it is by means of
themes of both kinds that pupils may, e.g., become explicitly aware of how the whole of
science hangs together, or come to see the point of a segregation of science into its
various subdisciplines. Having available some such themes, will in turn influence one's
construction of a didactical structure of some specific topic, because one must then also
think of whether and how such themes can for the topic at hand be brought forward in a
way that makes sense to pupils and in relation to how it has come forward in other
topics.
   Another aspect of devising a didactical structure that covers the whole of science
education is, as already noted, to specify staging posts along the way that may also serve
as coherent and worthwhile endpoints. Since a didactical structure of some specific topic
has a hierarchical structure, with as natural intermediate level a descriptive level, such a
(more or less extended) descriptive level may very well serve as a staging post,9) at
which some pupils get off the bus and others (perhaps later) continue their trip. On the
other hand, and perhaps inspired by the sort of hierarchical structure within a didactical
structure, one may also look for some kind of hierarchical structure within e.g. a
subject-transcending theme from which one may derive intermediate staging posts
concerning that particular theme (as Ogborn, 1994b, has done concerning the theme
'modelling'). As above, having available some such intermediate staging points will in
turn influence one's construction of didactical structures of specific topics.
                                        
9. A ground level does not provide a coherent and worthwhile staging post, because it only functions as a
foundation for a following descriptive level. It is no endpoint in itself.
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Appendix 1: Toward a theory of interpretation
1 Introduction
This appendix concerns Davidson's theory of interpretation,1) which aims to make
explicit what it is that makes one rational agent intelligible, more or less, to another.
Davidson's inspiration concerning the form that an interpretative theory should take
comes from theories of fundamental measurement. In section 2 I point at some main
aspects of theories of measurement, in order to indicate how an interpretative theory
could be modelled upon them. In section 3 I sketch an interpretative theory that is so
modelled: Bayesian theory of preference, which concerns the interpretation of choice
behaviour as intentional action. In section 3 I also discuss its essential differences with
theories of measurement. In section 4 I point at a deficiency of the theory of preference,
and mention the possibility of mending this deficiency. If this possibility is realized, the
result will be an interpretative theory that incorporates a structure with the following
very interesting property: the observable behaviour of an agent whose behaviour exhibits
that structure fixes what that agent believes, wants, and means by his or her words. This
theory, in turn, may serve as the bedrock of an even more comprehensive interpretative
theory, a further development of which in my opinion deserves a lot of effort because it
promises to be of important methodological relevance to the social sciences.
2 The structure of a theory of measurement as a source of
inspiration
2.1 An axiomatically specified structure with intuitively desired properties
Measurement, roughly, is the assignment of numbers to objects or events to represent
their qualitative properties and relations. Theories of fundamental measurement contain
two (interrelated) parts: a formal component and an empirical component. The formal
component axiomatically specifies a structure, which contains some basic or primitive
(in the sense of undefined) terms on the basis of which the axiomatization is made. For
example, the formal component of a theory that is intended as a measurement theory of
length contains as primitive terms the following three: a non-empty set A, a binary
relation g on A, and a closed binary operation  that maps A H A into A; a structure
specified by, amongst others (see, e.g., Krantz et al, 1971, for more details), the
following axioms:
(Transitivity) g is transitive on A: if a g b and b g c then a g c,
                                        
1. The reader who is familiar with the work of Davidson will in what follows recognize fragments or
paraphrases of fragments from several of his articles. In order to increase readability I have, in what follows,
chosen to not explicitly refer to any of these articles. The interested reader will find enough references in
chapter 4 of the main text.
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(Connexity) g is connected on A: a g b or b g a (or both),
(Positivity) a  b g a;
with the set A read as 'the set of straight, rigid rods,' the relation g as 'is at least as long
as,' and the operation  as 'joining rods end-to-end along a straight line.'
   As with any system of axioms, one will first of all have to make some comments
concerning the formal adequacy of the structure thus axiomatically specified. That is,
one will have to make plausible that the structure has intuitively desired properties that
make it adequate to its designed purpose. One thing one will have to ask oneself is
whether what the axioms formally specify is indeed what one intuitively requires of the
primitive terms under the intended reading. What the axiom of transitivity specifies, for
instance, is indeed at least one thing intuition demands of the relation 'is at least as long
as.' That is, it is (at least partly) constitutive of the relation 'is at least as long as' that it
should be transitive. Another aspect concerning the formal adequacy consists in the
discovery and proof of a so-called representation theorem. That is, a theorem that
asserts the existence of a relation-preserving function from any structure that satisfies
the axioms to a numerical structure of a specified kind, and thus in effect asserts that the
axiomatically specified structure is adequate to its intended application as a theory of
measurement. For structures specified by the above (and some other) axioms, for
example, which are known as positive extensive structures, one can prove the following
representation theorem: there exists a positive real-valued function F: A 6 R+, such
that, for all a, b 0 A
(i) a g b if and only if F(a) $ F(b);
(ii)F(a  b) = F(a) + F(b).
2.2 Empirical content
The formal structure in itself clearly cannot yet serve as some particular empirical
theory of measurement. Indeed, we require the axioms of connexity and transitivity to
hold in any particular measurement theory, whether of length (in which case we read the
relation g as 'is at least as long as'), weight ('is at least as heavy as'), temperature ('is at
least as warm as'), or whatever. For unless these two axioms hold in full generality on
some specified set A, there is no consistent (relation-preserving) assignment of a number
to any entity in the set. Nor does the formal axiom system as a whole exhaust the import
of any particularly intended reading of the relation g. The formal axiom system of a
measurement theory of length, for example, is the same as that of a measurement theory
of weight, and so that axiom system itself does not distinguish between the relations 'is
at least as long as' and 'is at least as heavy as.' What has to be added to the formal
structure is an empirical component: an indication of how the formal structure is to be
applied to appropriate objects or events; a way of giving empirical content to the
undefined relations and operations in terms of empirically realizable relations and
operations, which e.g. distinguishes 'is at least as long as' from 'is at least as heavy as.'
   We cannot beforehand demand a precise indication of how to do this, though our
attempts to relate e.g. the notions of being at least as long as or at least as heavy as to
empirically realizable tests will of course be guided by our intuitions as to what is the
content of the idea of one thing being at least as long, or heavy, as another. Finding a
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useful method for applying the theory thus is an enterprise of fitting and fudging: of
trying out various ways of giving empirical content to the undefined terms in the formal
structure, and eventually choosing one that satisfies pre-existing intuitions fairly well
and at the same time verifies the axioms fairly well. Two outcomes of such fitting and
fudging are of course familiar:
- A is the set of rigid rods; when rods a and b are placed side by side with one pair of
endpoints coinciding and the opposite endpoint of b does not extend beyond that of a,
then a g b;  is the operation of joining rods end-to-end along a straight line;
- A is the set of material objects; when objects a and b are placed on the two pans of an
equal-arm pan balance and the pan on which b is placed does not drop, then a g b; 
is the operation of placing objects in the same pan.
The combination of each of these two outcomes with the axiomatically specified
structure yields an empirical measurement theory (of length and weight respectively).
These theories should, of course, not be considered in isolation. In fact, both of them
are, in turn, partly constitutive of the idea of a system of macroscopic objects.
2.3 Indeterminacy
A representation theorem asserts the existence of an assignment of numbers to objects or
events that maps their relations. In general there exist many different such assignments,
which are all acceptable in the sense that they map the same relations. And for many
types of non-numerical relational structure one can prove a so-called uniqueness
theorem, which precisely characterizes in what the different acceptable assignments
differ. For the case of positive extensive structures, for instance, the corresponding
uniqueness theorem is as follows: if both F and F` satisfy (i) and (ii) above, then there
is a positive constant a such that F` = aF. Or alternatively, an acceptable assignment
is unique up to multiplication of all the numbers by some positive constant. For other
structures the acceptable assignments may be unique up to some other class of
transformations. For example, in the case of structures that are intended as a measure-
ment theory of time (which contains, amongst others, primitive terms that are intended
as 'the set of all events' and the relation 'does not begin later than') or as a measurement
theory of ordinary temperature, any acceptable assignment of numbers can be converted
to another by a positive linear transformation (F` = aF + b, with a > 0).
   One might express the establishment that in each case there are many different but
equally acceptable assignments of numbers by saying that the measurement of weight,
temperature or time is indeterminate, or that there is no fact of the matter as to what an
object weighs or how warm it is, or as to when an event begins, but these would be
unhappy ways of stating what has been established. For what has been established is not
that something is there which it is impossible to determine, but rather that there is
nothing there to determine. The question whether the relations between rigid rods are
better represented by an inch scale or a centimetre scale, for instance, has no answer,
not because we cannot find the answer but because the question is meaningless. A better
way of putting the value of a uniqueness theorem is that it clearly separates matters of
fact from conventional matters. Matters of fact alone do not single out one of the many
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possible assignments of numbers, and precisely for that reason some things still have to
be (arbitrarily) settled by agreement if we decide to assign numbers: a unit in the case of
length or weight; a unit and a zero point in the case of temperature or time.
2.4 Testing a measurement theory versus applying a tested measurement
theory
From the above it is clear that we cannot intelligibly assign, e.g., a length to any object
unless a comprehensive measurement theory holds for objects of that sort. A
comprehensive measurement theory is specified, as suggested above, by some formal
axioms that are (at least partly) constitutive of the primitive terms under the intended
reading, and some postulates that give (at least partly) the empirical content of the
primitive terms under the intended reading. For the relation g, under the intended
reading 'is at least as long as,' such a postulate may be given by:
(Postulate for g) If, when rods a and b are placed side by side with one pair of
endpoints coinciding, the opposite endpoint of b does not extend beyond that of
a, then a g b.
The axioms and postulates together yield an empirical theory of great strength. For
example, the axioms of transitivity and connexity tog ther with the above postulate for g
entail the following empirically testable statement or theorem within the measurement
theory of length:
(Theorem) There do not exist three rods a, b and c such that:
(1)when rods a and b are placed side by side with one pair of endpoints
coinciding, the opposite endpoint of a extends beyond that of b, and
(2)when rods b and c are placed side by side with one pair of endpoints
coinciding, the opposite endpoint of b extends beyond that of c, and
(3)when rods a and c are placed side by side with one pair of endpoints
coinciding, the opposite endpoint of c extends beyond that of a.
The measurement theory does not, however, entail quantitative statements like, e.g.,
'The length of this object is 1.92 metre,' and consequently quantitative statements do
not play any role in testing whether or not the theory holds. It are only qualitative
statements like the above theorem that are directly involved in testing the measurement
theory of length. If the theory  ustains such tests, this is evidence for the existence of a
certain structure in empirically realizable operations and relations, a structure we can
find in nature.
   The existence of this structure, then, is the fact of the matter, to which a representa-
tion or uniqueness theorem does not add anything substantial. They are not theorems
within a measurement theory but theorems about it. A representation theorem only
makes a comment, so to say, on the structure found in nature, namely that it is of a kind
that allows it to be represented in numbers. And a uniqueness theorem makes the further
comment that, if we decide to use numbers, we have some (specified) freedom as to
how to do this. Numbers, and quantitative statements, thus come in only as a convenient
way of keeping track of the relations among the entities under consideration.
The above postulate has been said to give (at least partly) the empirical content of the
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primitive term g under the intended reading 'is at least as long as.' It does so by stating
a condition in the form of an empirically realizable test such that, if the condition was
satisfied (if two objects passed the test), it would be in accordance with the common-
sense use of the term 'is at least as long as' to call the one object at least as long as the
other. Once the measurement theory of length, which contains this postulate, has been
well established, however, we can, conversely, agree to use the expression 'is at least as
long as,' within physical theory, in accordance with the condition -i.e., use the
antecedent of the postulate as the criterion or (operational) definition of the expression.
And we can then go on to precisely indicate a procedure, which involves (among other
things) the use of appropriately calibrated measuring rods, to measure the length of an
object. The definition and measurement procedure make sense, precisely because they
can be backed by an empirical measurement theory of length. Physical science,
moreover, not only comprises theories like that of the measurement of length but also
draws the concepts in terms of which its laws are formulated from such theories. Since
its concepts thus have precise criteria of application, physical science provides clear
empirical tests of whether or not the conditions of application of its laws are satisfied. It
also offers the hope of empirical laws that are indefinitely correctible within its own
conceptual domain (cf section 4.4.2 of the main text).
2.5 Interpretation as a process of connecting an axiomatically specified
rational structure with observable behaviour
Let me now indicate the way in which an interpretative theory can be modelled upon
fundamental theories of measurement. Interpretation, roughly, is the attribution of
beliefs, desires, intentions, decisions, preferences, hopes, fears, expectations, and the
rest, to someone else. It may be compared to the assignment of, e.g., lengths. We have
seen that a measurement theory of length pretty clearly indicates what it is that makes
the assignment of lengths possible: the existence of an empirical structure of relations
and operations, the formal properties of which allow them to be represented by
numerical ones. These formal properties, moreover, are not arbitrarily chosen, but are
constitutive of the relations and operations involved. It is constitutive of the relation 'is
at least as long as' that it is transitive; intuition demands at least that much.
   In the same way intuition recognizes some constitutive elements concerning the
concepts that are employed in interpretation, concepts such as those of belief, desire,
intention and action (cf sections 4.2 and 4.3 of the main text). It is e.g. constitutive of
the concept of belief that beliefs entail, and are entailed by, other beliefs. It is part of
what makes a belief a belief that Caesar was killed that it entails that Caesar died and is
entailed by the belief that Brutus killed Caesar. It is also constitutive of the concept of
belief that beliefs are, directly or indirectly, related to objects or events in the world. It
is part of what makes a belief a belief that a cat is before me that it is the presence and
absence of cats that causes the belief to wax and wane. It is constitutive of the concept
of desire that desires, in conjunction with beliefs, tend to cause and so explain intentions
and intentional actions of certain sorts. It is part of what makes a desire a desire to stay
dry that, in conjunction with the belief that it is about to rain and the belief that
something that gets into contact with rain will get wet, it entails that there is something
intention-worthy about staying indoors or, else, about taking appropriate action such as
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searching a raincoat or carrying an umbrella.
Such (and other) relations amongst beliefs, desires and intentions, between beliefs,
desires, intentions and objects and events in the world, being constitutive of the concepts
of belief, desire and intention, are also constitutive of the application of such concepts to
others. Thus, if I attribute to you the belief that Brutus killed Caesar, it must also be the
case that you believe that Caesar was killed. This 'must' does not put any burden on
you, but rather constrains me in my interpretation of you. In attributing beliefs to you I
am constrained to do this in such a way that you also believe what those beliefs entail
(their logical consequences), i.e., in such a way that your beliefs are consistent with one
another. This is not an arbitrary constraint; it is a constraint that cannot be separated
from what it is to have beliefs. No one who has beliefs can ever make sense of
someone's having a certain belief and at the same time not believing what it entails. The
constraint can also be said to express a fundamental aspect of what it is to be rational, a
fundamental norm of rationality -fundamental in the sense that it is a condition of having
beliefs at all that this fundamental norm has application. What this fundamental norm
does, by demanding that beliefs are logically consistent with each other, is impose a
rational pattern, a pattern that must be there, or at least nearly enough so, if someone is
to have beliefs.
   It is perhaps worthwhile to contrast this fundamental norm of rationality with rules of
conduct or legal rules such as 'keep your appointments' or 'drive on the right side of the
road.' Although it may (at least in some societies) constitute good social practice or
even be of vital importance to abide by such rules, and although such rules may help us
to understand why people act as they do, may provide a basis on which to criticize
them, and so on, such rules are not fundamental norms of rationality as the term is used
above. For even though I normally keep my appointments, I may on occasion have very
good reasons not to keep one; and even though I normally drive on the right side of the
road, such things as crossings of the Channel make me change sides. But we cannot ever
rationalize a deviation from the above fundamental norm of rationality, nor is its range
of application limited by any borders. No one who has beliefs, whatever his or her
ethnic or cultural background may be, can believe a proposition of the form (p and not-
p) while appreciating that the proposition is of this form. We do not, at least in any
ordinary sense, choose this fundamental norm of rationality. It rather is an ineluctable
element of what directs and explains our choices.
In the same way, the other constitutive elements of the concepts of belief, desire and
intention necessarily enter into the process of determining what someone believes, wants
or intends. They too express fundamental norms of rationality. They too impose rational
patterns, patterns that must be there if the concepts of belief, desire and intention are to
have application, and thus constrain the attribution of beliefs, desires and intentions.
Indeed, the best sort of evidence on the basis of which we will (however tentatively
pending other related results) enter as a hypothesis that someone intends some sentence
of hers to be interpreted as meaning that a cat is present, is that the presence of cats
causes her to hold true the sentence while the absence of cats causes her to hold it false,
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where we may have inferred this evidence, in turn, from such behaviour as her uttering
the sentence in the clear proximity of a cat, with fingers pointing at the cat, and her
vigorous nodding when we utter the sentence in the apparent absence of cats. In general,
of course, the evidence (plausibly inferred from observable behaviour) will be much
more complex. We may have evidence, for example, that some particular sentence of
hers apparently stands in certain logical relations to other sentences; that she would
prefer it true rather than some other sentences; that her faith in its truth is modified to
various degrees by observed changes in the world and by changes in her faith in the
truth of other sentences; and so on. The idea now is that the various constitutive
elements together impose a rich enough rational structure, a structure that, on the one
hand, must be there at least if someone has to have beliefs, desires and intentions at all
and, on the other, so constrains the attribution of beliefs, desires and intentions that, on
the basis of the sort of evidence just mentioned, it permits the identification of what it is
that someone believes, wants and intends.
Enough building blocks are now in place to point out, if not yet the actual assembling of
those into the interpretative theory Davidson envisages, at least the architecture of his
theory. As in measurement theory, the foundation of the theory is an axiomatically
specified structure, in this case a rational structure. Of this structure one will have to
show, on the one hand, that it is formally adequate and, on the other, that it can indeed
serve as the foundation of an interpretative theory for understanding some agent in that
it can be given empirical content on the basis of that agent's observable behaviour.
   As the above examples suggest, the axiomatization will have to be made on the basis
of such primitive terms as the following (under the intended reading): a set of entities
such as propositions or sentences; attitudes directed towards such entities such as
'holding true,' 'wanting to be true' or 'intending to make true.' One aspect that concerns
the formal adequacy thus becomes whether what the axioms formally specify is indeed
what intuition requires of such attitudes, whether the axioms specify constitutive
elements of such attitudes and thus express fundamental norms of rationality. Another
aspect, comparable to proving a representation theorem about a measurement theory,
consists in giving some sort of a proof that the specified rational structure is adequate to
its designed purpose, that it suffices to yield an agent's beliefs, desires, intentions, etc.
   The second task is to give an indication of how this structure can be given empirical
content, of how to connect its primitive terms with observable human behaviour. As in
measurement theory, but now as a matter of principle, we cannot demand a precise
indication of how to do this. What matters is that one rational creature (he) can find, in
the plainly observable behaviour of another rational creature (she), a structure that
satisfies the axioms fairly well, in a process of fitting and fudging that involves his
inferring, on the basis of her behaviour, to the relevant attitudes she has towards
propositions or sentences. To the extent that he can, he will understand the behaviour
that exhibits this structure as intentional action and meaningful speech. It is in fitting
and fudging that he uncovers a (near enough) realization of this structure, and thus gives
it empirical content.
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3 The interpretation of choice behaviour as intentional action
In this section I want to discuss an instructive example of a rational structure: a version
of Bayesian theory of preference (decision theory). Its designed purpose is to attribute
subjective probabilities that propositions are true and subjective desirabilities that
propositions be true to someone. In section 4 I will indicate that, although the theory of
preference is deficient, it can be extended to a more adequate rational structure.
3.1 A rational structure with intuitively desired properties that is adequate
to its designed purpose
Axiomatic specification of a rational structure with intuitively desired properties
Let me begin with a preliminary remark. What is taken for granted in the theory of
preference is a rich enough set of propositions. A proposition is taken here as being
associated with certain truth conditions, such that the proposition would be true in case
those conditions obtained and false otherwise. The set must be rich enough in the sense
that it is closed under the operations of negation, conjunction and disjunction, where
those operations are taken here as the familiar truth-functional modes of compounding
propositions into longer ones. That is, the negation of proposition a (briefly, not-a) is
true just in case a is false; the conjunction of two propositions a, b (a and b) is true just
in case a and b are both true; the disjunction of two propositions a, b (a or b) is false
just in case a and b are both false. The truth conditions associated with a compound
proposition thus only depend on the truth conditions associated with the component
propositions and on the compound's truth-functional structure, on how it is made up out
of its component propositions by repeated application of negation, conjunction and
disjunction.
   The theory of preference takes a rich enough set of propositions for granted in two
senses. First, it implicitly invests the agent to which it is to be applied with a rich
enough set of propositions and with some elementary logic.2) Secondly, in applying it to
the agent we are simply assumed to be able to tell what the propositions are among
                                        
2. It is perhaps worth to note that this does not imply that the agent is required to use the words 'or,' 'not' or
'and' in their truth-functional sense; in fact, the agent need not even have words that correspond to 'or,' 'not'
or 'and' in their truth-functional sense. What is required of the agent is that if she, for instance, considers the
proposition that there is a book among her birthday presents (briefly, b) and the proposition that there is a
compact disc among her birthday presents (c), it is obvious to her that one, and only one, of the following
four conditions will occur, come what may: (1) there is a book and a compact disc among her birthday
presents (under which conditions both b and c are true); (2) there is a book but not a compact disc among her
birthday presents (b is true and c is false); (3) there is a compact disc bot not a book among her birthday
presents (b is false and c is true); (4) there is neither a book nor a compact disc among her birthday presents
(both b and c are false). It is also required that she is able to distinguish, and to give an exhaustive list of, all
subsets of the set consisting of conditions (1) to (4) above, and accordingly to associate with each different
subset a different proposition, namely one that would be true just in case either one of the conditions in the
subset obtained. It is also required, finally, that she recognizes all sorts of relationships between these
propositions, such as that the truth conditions of the proposition associated with the subset {(1), (2)} are
precisely those of b, that the proposition associated with the subset {(2), (4)} would be true just in case c
would be false, and so on.
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which the agent's preferences fall. As will become clear in section 4, it is in this
assumption that the major deficiency of the theory of preference lies.
Let me now turn to the theory of preference itself, i.e., present some of its axioms, and
discuss those under the intended reading (see e.g. Jeffrey, 1983, for more details and
further references). The basic primitive term on the basis of which the axiomatization is
made is a binary relation g, which is intended to be read as 'weak preference,' i.e., as
the particular attitude an agent has towards two propositions a and b when she prefers
the truth of a to the truth of b or is indifferent between the truth of a and the truth of b
(in which case 'a g b' is said to hold). In the below axioms, furthermore, P denotes the
(rich enough) set of propositions the agent considers, and {f} the logically false ones
among them.
(Transitivity) g is transitive on P ! {f}: if a g b and b g c, then a g c;
(Connexity) g is connected on P ! {f}: a g b or b g a (or both);
(Averaging) disjunction is an averaging operation with respect to g on P !
{f}: if (a and b) is logically false and a g b, then a g (a or b)
and (a or b) g b.
It clearly is constitutive of the relation of weak preference that it should be transitive.
We cannot ever make sense of someone's preferring the truth of a to the truth of b, the
truth of b to the truth of c, and (at the same time) the truth of c to the truth of a, while
appreciating that her preferences are so arranged. A more pictorial way of putting the
axiom of transitivity is that the propositions the agent considers can unambiguously be
put into a preference ranking, in which a proposition is ranked higher than another one
if the agent prefers its truth to the truth of the other one and ranked at the same level as
the other one if she is indifferent between its truth and the truth of the other. Logically
false propositions do not enter the preference ranking, simply because it makes no sense
to ask whether the agent would rather have it that this proposition or that proposition
came true if one of those propositions is such that it cannot come true, come what may.
   The axiom of connexity requires, for instance, that if the agent considers the
proposition that there is a book among her birthday presents and the proposition that
there is a compact disc among her birthday presents, both of which might come true,
that her preference ranking then includes each of the propositions that would be true, or
false, just in case one of the following conditions obtained: there is a book among her
birthday presents; there is a compact disc among her birthday presents; both of those are
among her birthday presents; there is just one of those among her birthday presents;
neither of those is among her birthday presents; there is a book but not a compact disc
among her birthday presents; there is a compact disc bot not a book among her birthday
presents. Because of its holistic scope, this requirement clearly demands a preference
ranking to be fuller than any agent's preference ranking in practice will be. Nevertheless
it only is an idealization in that it is constitutive of considering propositions at all that, if
some propositions are considered and included in the preference ranking, all their truth-
functional compounds (except the logically false ones) could in principle be considered
and included in the preference ranking as well.
   The averaging axiom too is intuitively clear under the intended reading. For, on the
one hand, if the truth of one proposition is weakly preferred to the truth of another, it
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clearly is also weakly preferred to the truth of either one of them, while the truth of
either one of them is weakly preferred to the truth of the other. And on the other hand,
if the two propositions are logically incompatible (if their respective truth conditions
cannot simultaneously obtain), either one of them is true just in case their disjunction is
true.3)
The adequateness of the rational structure to its designed purpose (representation the-
orem)
I now turn to the second aspect concerning the formal adequacy of the above specified
structure, namely that it is adequate to what (under the intended reading) it is designed
for: the construction of scales that measure the agent's degrees of belief that
propositions are true (subjective probabilities) and strengths of desire that propositions
be true (subjective desirabilities). Such scales cannot, of course, be arbitrarily
constructed. It must be done in such a way that intuitions concerning the notions of
degree of belief and strength of desire are satisfied or, put differently, the construction
must embody the appropriate constitutive elements of what it is to have beliefs (in
various degrees) and desires (in various strengths) at all. It clearly is constitutive of the
concept of desirability, for instance, that the agent prefers the truth of one proposition
rather than the truth of another just in case the truth of the one proposition for her has a
higher desirability than the truth of the other. So if we represent the agent's strength of
desire that proposition a be true by the number des(a), the following must hold.
(A) des(a) $ des(b) just in case a g b.
Of the concept of degree of belief it is constitutive that it may vary from total disbelief
to total conviction. In particular, degree of belief that a proposition comes true will be at
its minimum if the proposition is logically false (cannot come true, come what may),
and at its maximum if it is logically true (guaranteed to come true, come what may).
Moreover, since the disjunction of two logically incompatible propositions a and b can
come true in just one of two ways -(1) a comes true or (2) b comes true- intuitions
concerning the notion of degree of belief tell that the degree of belief in the truth of (a
or b) must be the degree of belief in the truth of a increased by the degree of belief in
the truth of b. So if we represent the agent's degree of belief that proposition a is true by
the number prob(a), and (conventionally) set total disbelief equal to zero and total
conviction equal to one, we demand the following.
                                        
3. Note that the two propositions in the averaging axiom need to be logically incompatible. In particular, if b and
c are not logically incompatible and b g c, it is not generally the case that (b or c) g c. The agent might, for
instance, value the presence of both a book and a compact disc among her birthday presents so much more
than the occurrence of the other conditions that she would welcome the news that there will be a compact disc
among her birthday presents more than the news that there will be a book or a compact disc among her
presents, simply because in the former case the chances are better that there will be both a book and a
compact disc among her birthday presents. In relation to the above remarks it may be instructive to compare
the cases (i) and (ii) of the following theorem within the theory of preference, which holds for propositions b
and c such that b is not logically false and c is neither logically false nor logically true (and which is easily
derived from the above axioms).
(i) If (b and not-c) g c, then (b and not-c) g (b or c) g c.
(ii) If b e c (b g c, but not c g b) and c g (b and not-c), then (b and c) g b e c g (b or c) g (b and not-c).
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(B) prob(a) $ 0.
(C) prob(a or not-a) = 1.
(D) if (a and b) is logically false, then prob(a or b) = prob(a) + prob(b).4)
The most important constitutive element of the concepts of degree of belief and strength
of desire, however, is that subjective probabilities and desirabilities together explain
intentional choices of one course of action over another and preferences that one state of
affairs obtain rather than another. Suppose, for example, that part of the agent's
preference ranking is as follows: b . c e not-c e not-b; that is, though the presence of a
book and the presence of a compact disc among her birthday presents would equally
please her, she would be more displeased in case there was no book than in case there
was no compact disc among her presents. We can explain (understand) this, if we
assume that she expects to get a book more than she expects to get a compact disc. Her
higher degree of belief in not getting a compact disc explains why she evaluates the
prospect of the absence of a compact disc among her birthday presents as not so bad.5)
   In order to more precisely formulate the constitutive element in question, it is perhaps
best to turn to the case in which attributions of probabilities and desirabilities are best
understood, namely to their role in explaining intentional actions. The idea is simple.
Suppose the agent wants to achieve a certain result and that in order to achieve it she
contemplates two actions, both of which she feels able to perform, though one of them
(action 1) will, as she sees it, require more effort than the other (action 2). Suppose,
furthermore, that part of her preference ranking is as follows (where r is the proposition
that the result is achieved, and ai the proposition that she performs action i, i = 1, 2):
(a2 and r) e (a1 and r) e a1 e a2 e (a2 and not-r) e (a1 and not-r); that is, as far as the
possible outcomes are concerned she would be more pleased to achieve the result with
less effort and more displeased to not achieve the result after a lot of effort, and as far as
the contemplated actions are concerned she prefers to perform action 1 instead of action
2. We can explain (understand) this if we assume that she thinks action 1 is more likely
to lead to the result than action 2. Her higher degree of belief that she achieves the
result if she performs action 1 compensates, so to say, for her having to take more
trouble to perform action 1. In order to make the explanation in terms of probabilities
and desirabilities more explicit, we can also put it as follows. The value the agent puts
on a1 lies somewhere between the value she puts on (a1 and r) and the value she puts on
(a1 and not-r): if her degree of belief that she achieves the result given that she performs
action 1 is near one, the desirability of a1 is near that of (a1 and r); if it is near zero, the
desirability of a1 is close to that of (a1 and not-r); if it is near one half, the desirability of
a1 is somewhere halfway those of (a1 and r) and (a1 and not-r). The value she puts on a1
is thus some kind of weighted sum of the values she puts on (a1 and r) and (a1 and not-
r), where the weight is a conditional probability: her degree of belief that she achieves
                                        
4. Note that (B) to (D) are precisely the Kolmogorov axioms of probability theory.
5. This example also indicates a first step of how it is possible to arrive, merely on the basis of the agent's
preference ranking, at measures of degrees of belief and strengths of desire, by requiring that they explain the
preference ranking. Of course it only indicates just a small step, in that it yields no more than a comparison
of the agent's degrees of belief in the truth of propositions b and c. Further steps depend on taking the agent's
preference ranking more fully into consideration.
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the result given that she performs action 1. The same goes, mutatis mutandis, for the
value she puts on a2. Now, if the weighted sum corresponding to action 1 comes out
higher than the weighted sum corresponding to action 2, that explains (makes it
understandable) why, all things considered, she performs action 1 instead of action 2.
For she is then simply doing the best she can by her own lights, i.e., in the light of all
her relevant subjective probabilities and desirabilities (her degrees of belief to achieve
the result, given the contemplated actions, and the values she puts on the various
possible outcomes). The constitutive element can now be formulated as follows.
(E) des(a) = prob(b * a)Ades(a and b) + {1 - prob(b * a)}Ades(a and not-b).
As indicated above, (A) and (E) together explain why the agent chooses one course of
action rather than another (or why she prefers that one state of affairs obtain rather than
another).
   (A) to (E) together, moreover, embody, be it in somewhat idealized form, ineluctable
constitutive elements of the notions of degree of belief and strength of desire. Intuition
demands at least that much of any construction of scales prob and des to measure the
agent's probabilities and desirabilities (and I do not see anything else it demands).
An important theorem that can be proved about the theory of preference, about the
structure that has (at least partly) been specified above by the transitivity axiom,
connexity axiom and averaging axiom, is the following (comparable to a representation
theorem about a measurement theory): any structure that satisfies the axioms of the
theory of preference allows the construction of scales prob and des that satisfy (A) to (E)
above. That is, if the agent's weak preferences form a rational structure, a structure that
must be there at least if the agent is to have preferences at all, then it is possible to
explain the agent's preferences, in an intuitively desired way, in terms of subjective
probabilities and desirabilities. The theorem thus effects a reduction of the quantitative
concepts of degree of belief and strength of desire to the more basic, and qualitative
notion of preference. It shows that our ability to understand the agent's actions as done
for a reason ultimately rests on the existence of a rational structure in her preferences
and on our ability to uncover such a structure.
Indeterminacy (uniqueness theorem)
The idea that the concepts of degree of belief and strength of desire are derivative, and
both depend on the concept of weak preference, may be further illustrated by the
uniqueness theorem that can be proved about the theory of preference. A preference
ranking that satisfies the axioms of the theory of preference allows the construction of
not just one pair of scales (prob, des), but of a whole class of such pairs.6) Though two
different pairs (prob, des) and (PROB, DES) in this class assign different subjective
probabilities and desirabilities to the agent, both pairs explain the same preferences and
both do so in an intuitively desired way, in that both pairs satisfy conditions (A) to (E)
above. There is thus no further fact of the matter to decide which of these pairs is the
                                        
6. The uniqueness theorem precisely states in what two pairs (prob, des) and (PROB, DES) in this class differ:
DES(a) = {ades(a) + b} / {gdes(a) + d}; PROB(a) = prob(a)A{gdes(a) + d}, for some numbers a, b, g and
d such that ad ! bg > 0 and, for every proposition a, gdes(a) + d > 0 and gdes(a or not-a) + d = 1.
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right one; in fact, the question which is the right one is as meaningless as the question
whether an inch scale or a centimetre scale is the right one. The fact of the matter, on
which all different assignments of probabilities and desirabilities depend, is the
existence of a rational structure in the agent's weak preferences among propositions. All
different assignments are equally acceptable, in that they are all convenient and
appropriate ways of summarizing the same basic properties of this structure.
3.2 An indication of how to connect the rational structure with observable
human behaviour
Yet another way to point out that the concept of preference is more basic than those of
degree of belief and strength of desire, is that preferences are more open to both
introspection and observation than subjective probabilities and desirabilities. It normally
is much clearer to us that one course of action or state of affairs is preferable to another
than that either is desirable. It is immediately clear to me, for instance, that I very much
prefer the truth of the proposition that I am not struck by lightning before I finish this
paragraph to the truth of its negation, but I would have to sit back and think about my
own subjective desirabilities: is it that I highly value the truth of the proposition, greatly
disvalue the truth of its negation, or both? In the same vein we normally are not very
good at judging our own subjective probabilities in terms of numbers. The reason for
this is, of course, that our mundane concerns hardly ever give occasion to take isolated
propositions into consideration. Our deliberations are always relative (be it implicitly) to
a background of assumptions as to what things would be like if one or another option
were rejected. Preferences, therefore, enter our deliberations directly, whereas
probabilities and desirabilities are more intricately embedded in them.
The sturdy connection between preferences and mundane concerns also makes the
preferences of others more open to observation than their subjective probabilities and
desirabilities. There is no plain behaviour in which degrees of belief or strengths of
desire directly manifest themselves, though there are many ways in which preferences
rather directly do: most plainly, of course, in choice behaviour, but to some extent also
in other behaviour that can be understood as intentional (for if an action is intentional,
performing an action of that kind is at least preferred to not performing one.)
Probabilities and desirabilities are more like theoretical constructs; they are part of an
explanatory mechanism. The (basically common-sense) idea is this. To explain a
particular choice or preference, we observe other choices or preferences; to the extent
that we can see them as falling into a rational pattern of the kind specified by the theory
of preference, that theory allows the construction of a system of probabilities and desira-
bilities in terms of which the original choice or preference (along with the others) can be
explained. There is no way, however, to test for probabilities and desirabilities indepen-
dently.
The above mentioned connection between preferences and behaviour should not be
interpreted as a nomological or definitional reduction of preferences to behaviour. This
point can perhaps best be made clear in the form of an essential difference between
measurement theory and theory of preference. The primitive terms of a measurement
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theory are given empirical content in terms of empirically realizable relations and
operations that are as precisely as possible circumscribed. Recall, for instance, the
postulate for the relation 'is at least as long as' in the measurement theory of length: a is
at least as long as b if, when rods a and b are placed side by side with one pair of
endpoints coinciding, the opposite endpoint of b does not extend beyond that of a. The
concepts of the theory of preference, on the other hand, cannot be given such precise
criteria of application. There is no analogous postulate for the relation of weak
preference, something like: the agent prefers the truth of a to the truth of b if ..., and
here follows some characterization in purely behavioural terms. For suppose we try to
thus characterize what it is for the agent to prefer to have an apple rather than a pear.
One line we could take is this: when both an apple and a pear are brought within her
field of vision, she points at the apple. But of course this shows she prefers to have an
apple rather than a pear only if her pointing at the apple was intentional, was a response
to an offer to choose one of the two objects presented to her, was towards the one she
preferred, and so on. We could try to improve the behavioural criterion, but no matter
how we patched and fitted it we would always find the need for additional clauses that
are mental in character: provided she notices, understands, etc.7)
Lacking a precise behavioural criterion for applying the concept of weak preference, the
theory of preference cannot be given empirical content by assigning preferences to the
agent one by one on the basis of her behaviour, no matter how plain and evident the
local signs may be. On the other hand, her observable behaviour is all we have to go on
in giving empirical content to the theory of preference. What this amounts to, is that our
process of assigning preferences to the agent is an ever evolving one, not just in the
trivial sense that we are never in the position that we know all the agent's preferences,
but more significantly in the sense that every step in the process is holistically
constrained by the constitutive ideal of rationality, by the ineluctable requirement that
the totality of the agent's preferences (nearly enough) forms a rational structure (cf
section 4.4.2 of the main text).
   So when, as first entrances into the agent's system of preferences, we naturally
assume that her basic preferences are very much like our own and plausibly infer to
further preferences on the basis of what we take to be plain and evident cases of choice
behaviour, we must always do so tentatively, pending other related results, and always
stand prepared, as more and more structure becomes apparent, to revise those assumings
                                        
7. There is also a second essential difference between the two theories: whereas both the theory of preference
and measurement theory of length allow the construction of scales (to measure probabilities and desirabilities
in the former and lengths in the latter), assignments of probabilities and desirabilities have a property that
assignments of lengths lack, namely that they explain the structure from which they are extracted. If the
weighted sum of the desirabilities of the various possible outcomes of one course of action is greater than the
weighted sum of the desirabilities of the various possible outcomes of another action, that explains why the
agent prefers to perform the one rather than the other action. But if the length of one rod is greater than the
length of another, that does not explain why the one rod is longer than the other. The two differences are
related and, moreover, do not just concern the theory of preference and measurement theory of length, but
are rather paradigmatic of the difference between the social and the physical sciences, with respect to both the
concepts and the modes of explanation that are employed in each domain (cf section 4.4.2 of the main text).
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and inferences in the light of considerations of overall rational coherence. When we
already have attributed quite a lot of preferences to the agent, for example, constitutive
elements such as the axiom of transitivity or the averaging axiom allow us to predict still
further preferences, and in effect thus also to test for these further preferences, e.g. by
facing the agent with choices in which they might plausibly manifest themselves. The
outcomes of such tests then also bear on the justification of our original attributions.
   Our process of assigning preferences to the agent thus involves a multitude of
considerations, in the light of which we ourselves too will have to make choices. This
also shows that the process necessarily involves at least two rational creatures, both of
which have (and thus share) the fundamental norms of rationality that are constitutive of
the concept of preference. In other words, for the process to work there must be minds
at both ends (cf section 4.2 of the main text).
4 Toward a comprehensive interpretative theory
4.1 Deficiency of the theory of preference
The theory of preference that is outlined in the previous section cannot yet serve as a
fundamental interpretative theory. For what it tries to connect with observable
behaviour, the agent's preferences between the truth of propositions, is in fact still too
far removed from what can plausibly be inferred on the basis of her behaviour. The
problem is not that preferences do not manifest themselves in behaviour, they do, but
rather that this does not tell us what the contents of the preferences are. Consider once
more the example that the agent points at the apple when both an apple and a pear are
brought within her field of vision. Even when we have good reasons to assume that her
pointing was intentional, was a response to an offer to choose one of the two objects
presented to her, and was towards the one she preferred, this still does not settle the
question of what she has chosen. We may take it as expressing a preference to have an
apple rather than a pear, what is on her right rather than her left, what is red rather than
yellow, what is seen first, what is judged more expensive, and so on. So what the theory
of preference assumes to be already settled is in fact an essential ingredient of
interpretation, the question namely what the propositions are among which the agent's
preferences fall.
   It seems obvious, moreover, that this question can only be satisfactorily settled if there
is the possibility of linguistic communication. That is, unless there is behaviour that can
be interpreted as linguistic utterances, the behavioural basis would be much too slender
to infer to, and to justify, the fine distinctions that the theory of preference requires us to
detect. For just imagine what it would be like, short of being able to linguistically
communicate with her, to find out whether or not the agent prefers the truth of the
proposition that there is a book among her birthday presents to the truth of the
proposition that there is a compact disc among her birthday presents; or to face her with
choices in which her preferences among the truth-functional compounds of those two
propositions might plausibly manifest themselves.
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4.2 Mending the deficiency of the theory of preference
The above suggests that what must be added to the theory of preference, or incorporated
in it, is a theory that yields an interpretation of linguistic utterances. This suggestion
may be further strengthened by the following consideration. The basic problem with the
theory of preference is that the gap between the evidence it assumes to be available,
preferences among propositions, and observable behaviour is too large, simply because
it cannot be observed which propositions the agent is choosing between. Now, if we
think of propositions as sentences with content, a plausible candidate for an evidential
base that is more closely related to observable behaviour offers itself: preferences
among sentences. For although sentences themselves are also not observable, their
utterances, inscriptions, gesticulations, etc, are. The idea is that it is possible for us, as
interpreters, to detect how the agent's preferences fall among her own utterances and
from this to infer preferences among sentences. Or, put differently, that it is possible for
us to use the agent's own sentences to keep track of her preferences before we are in a
position to assign propositional contents to her sentences (and thus also to her prefer-
ences). The sentences do of course have contents for the agent, but we are no longer
supposed to know in advance what they are. So the prize we have to pay for bringing the
evidential base closer to observable behaviour is that we are farther away from where
we intend to end up, namely at what the agent prefers (and believes, wants, etc). For we
now also have to make the step from the non-propositional to the propositional. The
further idea is that this can be realized by imposing adequate constraints on the evidence
assumed available, i.e., by specifying a rational structure that must be there (nearly
enough) in the agent's preferences among sentences.
I will not here attempt to specify this rational structure. Let me just sketch, in very brief
outline, some sort of representation theorem about it. Like the theory of preference, the
more general rational structure will allow the construction of appropriate scales prob
and des. In the general case, however, these scales do not concern propositions, but as
yet uninterpreted sentences: they measure the agent's subjective probabilities that her
sentences are true and subjective desirabilities that her sentences be true. The subjective
probabilities can then be used, by methods outlined in section 4.2 of the main text, to
interpret the contents of the agent's sentences. If it is found, for instance, that the agent
is caused to award a high subjective probability to one of her sentences when and only
when it is raining in her vicinity, the interpreter will enter as a hypothesis (tentatively,
of course, pending other related results) that it is a sentence that means that it is raining.
This interpretation is further supported when rain perceived under poor conditions for
observation causes a lower degree of belief, and a down-pour experienced in the open a
degree of belief of about 1 in the truth of the sentence. More evidence still accumulates
as further sentences are given tentative interpretations. Thus a sentence interpreted as
meaning that there is a patter on the roof, if given a high subjective probability, ought to
increase the agent's degree of belief in the truth of the sentence interpreted as meaning
that it is raining. In this way, by marking what the agent takes as evidence for the truth
of a sentence, it is possible to interpret sentences of an increasingly abstract and
theoretical nature. That is, conditional probabilities provide the interpreter with what is
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needed to determine the contents of the agent's more theoretical sentences.
4.3 Further developments
The upshot of the above is that, if the observed pattern of the agent's preferences among
sentences fits an appropriate rational structure, it will be possible to infer the degrees of
belief she accords her sentences, how much she would like those sentences to be true,
and what the contents (truth conditions, meanings) of those sentences are. In other
words, the rational structure, if true of an agent, would serve to interpret the beliefs,
values and words of that agent. Although this in itself is, in my opinion, already a major
accomplishment, there is still much more to be done. Let me close with mentioning just
a few directions for further developments.
   First of all it is perhaps good to note that, as far as I know, the required rational
structure and the representation theorem about it have not yet been given in any detail.
So there is still a lot of, predominantly technical, work to be done in this direction.
Secondly, one will have to inquire whether what the required rational structure promises
to yield (beliefs, values and meanings), is enough for the attribution of a whole array of
further attitudes to someone else: intentions, hopes, fears, perceptions, expectations,
regrets, emotions, obligations, unconscious beliefs and desires, memories, and so on.
Perhaps it will turn out that to support such broad-based interpretation one will have to
add to the primitive terms of the rational structure. A final direction of development I
want to mention is to somehow make the interpretative theory dynamic, by adding to it
appropriate norms of rationality that deal with the incorporation of new information into
a going system of thought.
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Samenvatting
In hoofdstuk 1 beschrijf ik de aanleiding tot het onderzoek waarover dit proefschrift
rapporteert, alsmede de opdracht waarmee ik dit onderzoek begonnen ben: het
ontwikkelen van een constructivistische didactiek voor praktijkgericht natuurkunde-
onderwijs over radioactiviteit en atoombouw op het MAVO en LBO. Ik meen aan deze
opdracht tegemoet te zijn gekomen middels de ontwikkeling en evaluatie van een
didactische structuur van het onderwerp radioactiviteit.
   Gaandeweg mijn onderzoek heb ik mijn blikveld ook verruimd. Zo hebben
methodologische vragen betreffende de interpretatie van wat leerlingen zeggen en doen
geleid tot een meer algemeen methodologische oriëntatie op het begrijpelijk maken van
elkaars doen en laten. Verder zijn mijn gedachten over onderwijs in radioactiviteit hand
in hand gegaan met gedachten over onderwijs in de natuurwetenschappen in het alge-
meen. In mindere mate heb ik mij ook beziggehouden met de rol van de docent.
   Hieronder geef ik een samenvatting van wat er dit proefschrift is terug te vinden over
interpretatie in het algemeen, over onderwijs in de natuurwetenschappen in het
algemeen, en over de rol van de docent. Mijn concrete werk betreffende een didactiek
voor onderwijs in radioactiviteit kan worden gezien als een specifieke en gedetailleerde
uitwerking van wat ik hieronder schrijf over didactiek van de natuurwetenschappen.
Voor die specifieke details zelf verwijs ik naar de paragrafen 2.3 t/m 2.5, en de
hoofdstukken 3, 8 en 9.
Interpretatie
Wat ik in dit proefschrift schrijf over interpretatie in het algemeen is gebaseerd op het
werk van de filosoof Davidson, en terug te vinden in hoofdstuk 4 en appendix 1. Het
hoofdthema daarin betreft de vraag wat het mogelijk maakt dat we van elkaar kunnen
achterhalen wat de ander gelooft, wil, van plan is, bedoelt met zijn of haar woorden,
wat zijn of haar redenen zijn om te doen wat hij of zij doet, etc. Davidsons antwoord is
dat we dit van elkaar kunnen achterhalen doordat ons doen en laten geleid wordt door
fundamentele rationaliteitsnormen die we met elkaar gemeen hebben, en doordat we van
elkaar weten dat we in een gemeenschappelijke wereld leven. De rationaliteitsnormen
zijn onlosmakelijk verbonden met de begrippen in termen waarvan we elkaar
begrijpelijk maken. Een essentieel onderdeel van wat het is om een bepaalde bewering
voor waar te houden, bijvoorbeeld, is dat je ook de logische gevolgen van die bewering
voor waar houdt, m.a.w., dat wat je gelooft logisch consistent met elkaar is, dat je geen
tegenspraken accepteert. Een essentieel onderdeel van wat het is om een bepaald
verlangen te hebben, is dat een handeling waarvan je gelooft dat die aan dat verlangen
tegemoet komt een zekere wenselijkheid heeft, m.a.w., dat je verlangens en wat je
gelooft tezamen handelingen begrijpelijk maken. Een essentieel onderdeel van wat het is
om voorkeuren te hebben, is dat als je a verkiest boven b en b boven c dat je dan a
verkiest boven c, m.a.w., dat je voorkeuren transitief zijn. Een essentieel onderdeel van
basale gedachten zoals 'Dat is een hond' en 'Het regent', is dat ze veroorzaakt worden
door voorwerpen of gebeurtenissen van een bepaalde soort in de wereld om je heen.
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   Zulke, en andere, rationaliteitsnormen spelen ook een essentiële rol in het begrijpelijk
maken van de gedachten en handelingen van anderen, in die zin dat ze restricties
opleggen aan de relaties van gedachten en handelingen met andere gedachten en
handelingen en met de wereld. Wanneer we inhoud geven aan de gedachten en
handelingen van anderen moeten we dat zo doen dat wat ze geloven logisch consistent
is, dat wat ze doen het meest wenselijk is in het licht van wat ze geloven en verlangen,
dat hun voorkeuren transitief zijn, dat hun gedachten die selectief veroorzaakt worden
door bepaalde voorwerpen of gebeurtenissen in hun omgeving gaan over die voorwerpen
of gebeurtenissen, etc.
   Deze restricties zorgen ervoor dat de gedachten die we aan anderen toekennen in hun
totale gedachtensysteem een vergelijkbare rol spelen als in ons gedachtensysteem,
d.w.z. op een vergelijkbare manier gerelateerd zijn aan andere gedachten en aan de
wereld. Interpretatie is dus het kalibreren van elkaars gedachten en handelingen aan
(gedeelde) rationaliteitsnormen, het in elkaar schuiven en aan elkaar haken van twee
gedachtensystemen, het vinden van overeenstemming middels intersubjectieve interactie
met de wereld (i.h.b. verbale communicatie over de wereld).
   In hoofdstuk 4 worden bovenstaande ideeën verder toegelicht, en de consequenties
daarvan voor de relaties tussen subjectiviteit, intersubjectiviteit en objectiviteit, alsmede
voor de relatie tussen sociale wetenschappen en natuurwetenschappen, verder
uitgewerkt. In appendix 1 wordt aangegeven dat bovenstaande ideeën perspectief bieden
op een serieuze interpretatietheorie die, mits verder uitgewerkt, naar mijn indruk van
methodologisch belang zal zijn voor de sociale wetenschappen. Bovenstaande ideeën
hebben ook gefungeerd als een algemene achtergrond en inspiratiebron voor mijn ideeën
over (onderzoek aan) onderwijs in de natuurwetenschappen.
Didactiek van de natuurwetenschappen
Paragraaf 2.2 en de hoofdstukken 5, 6, 7 en 11 gaan in op onderwijs in de natuurweten-
schappen in het algemeen.
Interpretatie van leerlinguitspraken
Paragraaf 2.2 is van methodologische aard en bekritiseert de manier waarop in de
literatuur leerlinguitspraken vaak geï nterpreteerd worden. Neem b.v. de volgende
uitspraken die, zoals gerapporteerd in de literatuur, veel leerlingen voorafgaand aan
mechanica-onderwijs waar vinden, en die daarom ook wel onderdelen van hun 'intutieve
bewegingsleer' genoemd worden: 'Om iets in beweging te houden moet daarop een
constante kracht worden uitgeoefend'; 'Een voorwerp dat in beweging is heeft een
kracht' 'Krachten kunnen van het ene voorwerp op het andere worden overgedragen'.
Naar mijn indruk blijkt uit zulke uitspraken duidelijk dat leerlingen aan uitdrukkingen
waarin het woord 'kracht' voorkomt een andere betekenis toekennen dan in de
natuurkunde gebeurt, of zelfs uitdrukkingen gebruiken die in de natuurkunde niet
gebezigd worden -en ik verwacht dat collega-onderzoekers het met deze constatering
eens zullen zijn. De volgende opmerking, echter, die naar mijn indruk uit deze
constatering volgt, zie ik weinig collega-onderzoekers maken. Namelijk, dat zolang we
niet weten welke betekenis leerlingen toekennen aan uitdrukkingen waarin het woord
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'kracht' voorkomt, we ook niet weten wat ze geloven wanneer ze uitspraken als
bovenstaande waar vinden, en dat we dan dus in feite ook niet weten wat de inhoud van
hun intuï tieve bewegingsleer is. Veeleer zie ik veel collega-onderzoekers opmerkingen
maken als 'Leerlingen geloven dat bewegende voorwerpen een kracht hebben', en
concluderen dat uit bovenstaande uitspraken volgt dat de intuï tieve bewegingsleer van
leerlingen in strijd is met de mechanica en dus bij het leren van mechanica overwonnen
(afgeleerd) moet worden. Wat deze onderzoekers naar mijn indruk aldus doen, is
registreren welke uitspraken leerlingen waar vinden; en wat ze naar mijn indruk alleen
maar mogen concluderen, is dat als leerlingen hun woorden gebruikten zoals in de
natuurkunde gebeurt dat dan wat ze geloven in strijd zou zijn met de mechanica. Wat
deze onderzoekers aldus in feite achterwege laten is een interpretatie van wat leerlingen
geloven, van wat de inhoud van hun intuï tieve bewegingsleer is. In paragraaf 2.2
probeer ik, bij wijze van voorbeeld, zo'n interpretatie wel te geven, geï nspireerd door
de algemeen methodologische inzichten over interpretatie. D.w.z., ik probeer de
uitspraken die ze waar vinden in te passen in een gedachtenpatroon dat ik, in de situaties
waarin zij hun uitspraken waar vinden, ook waar vind.1) Aldus geef ik inhoud aan hun
intuï tieve bewegingsleer (dat gedachtenpatroon dat ze met mij delen), en tegelijkertijd
betekenissen aan hun uitdrukkingen waarin het woord 'kracht' voorkomt (waarmee de
uitspraken die ze voor waar houden vertalen in dat gedachtenpatroon). Ik deel dus hun
intuï tieve bewegingsleer, zie niet in dat die in tegenspraak is met de mechanica, en
concludeer dientengevolge niet dat leerlingen die bij het leren van de mechanica moeten
afleren. Ze moeten natuurlijk wel een hoop bijleren om tot een begrip van de mechanica
te komen.
Introductie van specifieke beschrijvingswijzen
In hoofdstuk 5 borduur ik op dit thema voort, in het kader van een inventarisatie van
mogelijkheden om onderwijs in de natuurwetenschappen op een inhoudspecifiek niveau
te verbeteren. Wat betreft mechanica-onderwijs, bijvoorbeeld, volgt uit bovenstaande
dat leerlingen daarin zullen moeten leren dat '... oefent een kracht uit op ...' de basale
uitdrukking is die in de mechanica gebruikt wordt, en dat andere uitdrukkingen die het
woord 'kracht' bevatten (zoals '... heeft een kracht' en '... heeft zijn kracht overdragen
aan ...') in de mechanica niet gebruikt worden. In gangbaar onderwijs gebeurt dit niet of
nauwelijks. Daarom is het niet verbazingwekkend dat, zoals uit natuurkunde-didactisch
onderzoek blijkt, veel leerlingen niet tot een inzichtelijk gebruik van de mechani-
cawetten komen. Immers, een correcte toepassing van de mechanicawetten op een
gegeven situatie kan niet los gezien worden van een specifieke manier van beschrijven
van die situatie, namelijk zodanig dat die wetten erop van toepassing zijn. (Deze
opmerking heeft niet alleen betrekking op het gebruik van de mechanicawetten, maar
meer in het algemeen op het gebruik van generalisaties bij het verklaren en voorspellen
van gebeurtenissen.) Om de mechanicawetten inzichtelijk te kunnen gebruiken moeten
leerlingen in het bijzonder weten hoe de basisuitdrukking '... oefent een kracht uit op
...' gebruikt wordt. Wanneer aan dit laatste niet expliciet aandacht wordt geschonken,
                                        
1. In de paragrafen 2.3 t/m 2.5 probeer ik, zo goed en zo kwaad als het gaat, hetzelfde te doen met uitspraken
die leerlingen gedaan hebben in interviews over situaties die met radioactiviteit te maken hebben.
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wordt het min of meer aan de leerlingen zelf overgelaten om, op basis van de manier
waarop de mechanicawetten in het leerboek en door de leraar worden toegepast in
verschillende situaties, zowel te achterhalen hoe situaties in termen van die basisuitdruk-
king beschreven moeten worden als ook te achterhalen hoe, gegeven zo'n beschrijving
van een situatie, die wetten daar vervolgens op toegepast moeten worden. Het lijkt me
aannemelijk dat dit voor veel leerlingen teveel gevraagd is. Wanneer hen andere dan
standaard-situaties voorgelegd worden, blijkt ook dat veel leerlingen niet veel meer
gebruiken dan hun intuï tieve bewegingsleer, d.w.z., blijkt dat ze weinig hebben
bijgeleerd.
   Wat betreft mogelijkheden om onderwijs in de natuurwetenschappen op een
inhoudspecifiek niveau te verbeteren, is de boodschap die ik in hoofdstuk 5 aan boven-
staande verbind dat expliciet aandacht besteed moet worden aan de introductie van de
specifieke beschrijvingswijzen die in de natuurwetenschappen gebruikt worden en in
termen waarvan generalisaties en wetten geformuleerd zijn. Daarbij moet naar voren
komen hoe een bepaalde natuurwetenschappelijke uitdrukking gebruikt wordt ter
beschrijving van situaties en, als die uitdrukking ook op andere manieren gebruikt
wordt, dat het een specifieke manier is om die uitdrukking te gebruiken. Bovenal echter
moet dat op zo'n manier gebeuren dat het op dat moment voor leerlingen duidelijk is
waarom het nuttig is situaties op die bepaalde manier te beschrijven, wat voor zin dat
heeft, wat de noodzaak of reden daarvoor is, zonder dat ze nog weten dat die beschrij-
vingswijzen nuttig zijn voor het verdere vervolg (b.v. voor het formuleren van
generalisaties). Bovendien zal er in het algemeen enig voorwerk gedaan moeten worden
om leerlingen de zin, noodzaak of reden voor een bepaalde beschrijvingswijze in te
laten zien. Want als ze de reden daarvoor al inzagen, dan maakten ze hoogst-
waarschijnlijk ook al gebruik van die beschrijvingswijze en hoeft die dus ook niet meer
geï ntroduceerd te worden.
Een probleemstellende aanpak van onderwijs in de natuurwetenschappen
De verdere mogelijkheden die ik zie voor op inhoud gerichte verbeteringen van
onderwijs in de natuurwetenschappen sluiten in zekere zin aan op wat ik zojuist over de
invoering van specifieke beschrijvingswijzen heb gezegd. Het zou goed zijn dat
leerlingen bij elke activiteit op inhoudelijke gronden weten waarom ze daarmee bezig
zijn, en in het algemeen zullen die inhoudelijke gronden opgeroepen moeten worden in
voorgaande activiteiten. Op die manier immers zijn de leerlingen lokaal betrokken bij
hun inhoudelijke voortgang. Het zou ook goed zijn dat leerlingen op zijn minst een
globaal inhoudelijk doel voor ogen hebben, een globaal beeld van waar wat ze aan het
doen zijn toe leidt en goed voor is. Het zou goed zijn, kortom, dat leerlingen zelf hun
leerproces ervaren als een intern coherent proces met een zekere richting en doel, aan de
inhoudelijke voortgang waarvan ze zelf actief bijdragen.
   In hoofdstuk 5 geef ik aan dat veel gangbaar onderwijs hier niet toe bijdraagt. De
leerstof is daarin immers vaak van bovenaf gestructureerd, d.w.z. op een zodanige
manier dat er voor iemand die het allemaal al begrepen heeft een logische opbouw in
zit, en wordt ook als zodanig uitgelegd. Leerlingen worden aldus min of meer
gedwongen tot stap voor stap volgen, wat hen op zich vaak al moeite genoeg kost,
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zonder bovendien zicht te hebben op waar het toe leidt en goed voor is.2) Verder zijn de
experimenten die leerlingen uit moeten voeren vaak illustratief van aard en hebben ze
bovendien vaak een kookboek-karakter, waardoor ze in feite geen functie hebben binnen
de inhoudelijke voortgang (en dus ook niet tot inzicht leiden in de rol van experimenten
binnen de natuurwetenschappen). Vaak zijn leerlingen alleen maar actief betrokken bij
het maken van opgaven, maar dan zelden op inhoudelijke gronden en veeleer omdat het
maken van die opgaven voorbereid op proefwerken (de zogenaamde sommetjes-cultuur).
In het slechtste geval reduceert het leerproces voor leerlingen tot een jacht op het goede
antwoord, tot uit het hoofd leren van trucjes om standaardopgaven op te lossen,
verbalisme, enz.
   In de laatste jaren is er betrekkelijk veel onderwijs gemaakt, veelal onder de noemer
'constructivisme', dat een verbetering op gangbaar onderwijs beoogt te zijn. In
hoofdstuk 5 bespreek ik een typisch voorbeeld van constructivistisch onderwijs,
namelijk de lessenserie over corpusculaire modellen die ontwikkeld is binnen het Britse
CLIS-project. Ik doe dat om aan te geven dat het er mij niet alleen om gaat leerlingen
een meer actieve rol te laten spelen dan in veel gangbaar onderwijs, zoals inderdaad het
geval is in constructivistisch onderwijs, maar dat hun leerproces zich ook dient te
ontwikkelen in de richting van natuurwetenschappelijke kennis. Ik probeer te laten zien
dat de CLIS-lessenserie er niet toe bijdraagt dat leerlingen zicht krijgen op het hoe en
waarom van deeltjesmodellen, en beargumenteer dat dat komt door de nadruk daarin op
de zogenaamde alternatieve ideeën over deeltjes die leerlingen zouden hebben en zouden
moeten vervangen. Ik probeer ook aan te geven wat er zou moeten gebeuren opdat
leerlingen wèl zicht krijgen op de aard en het doel van deeltjesmodellen.
Een aanpak van natuurwetenschappelijk onderwijs die er expliciet op gericht is
leerlingen zoveel mogelijk in een zodanige positie te brengen dat ze zelf op inhoudelijke
gronden hun bestaande kennis, begrippenstelsel en ervaringsbereik in een bepaalde
richting willen uitbreiden, en waarbij een verdere ontwikkeling in die richting uiteinde-
lijk leidt tot inzichtelijke natuurwetenschappelijke kennis, noem ik een probleemstellen-
de aanpak. Een concrete vormgeving van die aanpak bestaat in het ontwerpen, uittesten,
verbeteren, etc, van didactische structuren. Onder een didactische structuur versta ik
een gedetailleerd uitgelijnde planning van een onderwijsleerproces waarvan verwacht
wordt dat het zich als bovengenoemd zal ontwikkelen. Bij het ontwerpen van een
didactische structuur zal men dus niet alleen moeten denken aan de inhoudelijke doelen
die men als ontwikkelaar wil bereiken, en over manieren om die te bereiken, maar zeer
nadrukkelijk ook aan de inhoudelijke motieven van leerlingen om hun kennis,
begrippenstelsel en ervaringsbereik in een bepaalde richting te willen uitbreiden, en over
manieren om die motieven op te roepen. Idealiter zou iedere activiteit in het
                                        
2. In hoofdstuk 3 wijs ik in dit verband op de welhaast vanzelfsprekende neiging om een lessenserie over
radioactiviteit te baseren op deeltjesmodellen, en aldus van bovenaf te structureren. Uit observaties van
lessenseries die aldus gestructureerd zijn blijkt dat leerlingen de uitgebreide behandeling van deeltjesmodellen
met enige weerzin ondergaan en als een hinderlijke onderbreking zien van waar het eigenlijk om zou moeten
gaan: radioactiviteit. Verder laat ik in hoofdstuk 3 aan de hand van enkele voorbeelden zien dat leerlingen die
modellen letterlijk opvatten, als plaatjes van hoe de dingen er 'in het klein' uitzien, en dat die modellen hen
ook niet echt helpen om tot een begrip van radioactieve verschijnselen te komen.
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onderwijsleerproces ingeklemd moeten zitten tussen door voorgaande activiteiten
opgeroepen inhoudelijke motieven van leerlingen enerzijds en inhoudelijke doelen van
de ontwerper anderzijds, zodanig dat die motieven voor leerlingen zin geven aan die
activiteit, en de in die activiteit te bereiken doelen voor hen zin geven aan (een
inhoudelijk motief vormen voor) volgende activiteiten.
Evaluatie van een didactische structuur
Een natuurlijke manier om een didactische structuur te ontwerpen en te presenteren is in
de vorm van een scenario van het onderwijsleerproces dat, naar verwachting, zal
optreden aan de hand van een bepaalde opdrachtenreeks en een bepaald didactisch
handelen van de docent. Een fragment van zo'n scenario zou iets als het volgende
kunnen zijn: wat het in voorgaande taken opgeroepen motief voor leerlingen is om te
gaan werken aan die bepaalde taak waarin hen gevraagd wordt experimenten te
bedenken; welke experimenten ze zullen bedenken in het licht van dat motief en
gegeven wat ze eerder geleerd hebben of anderszins weten; hoe de docent het uitvoeren
van die experimenten structureert; welke conclusies en vragen de leerlingen zullen
stellen na het uitvoeren van die experimenten; op welke manier de docent op die
conclusies en vragen in kan haken om de volgende taak voor leerlingen zin te geven,
etc.3) Bij het ontwerpen van een scenario zal men onvermijdelijk een (impliciet) beroep
doen op rationaliteitsnormen die men met leerlingen deelt: dat ze experimenten
bedenken waarvan, gegeven wat ze geloven, redelijkerwijs verwacht kan worden dat die
zullen leiden tot wat ze willen bereiken; dat ze hun conclusies op een adequate manier
baseren op de relevante experimentele gegevens; dat ze geen tegenspraken in hun
gedachtensysteem accepteren, etc. Als een soort voorspelling van het onderwijsleer-
proces dat zal optreden aan de hand van een bepaalde opdrachtenreeks en een bepaald
didactisch handelen van de docent, kan een scenario ook vergeleken worden met het
daadwerkelijk optredende onderwijsleerproces. Zoals ik in hoofdstuk 7 aangeef, gaat het
er bij zo'n vergelijking niet om dat getest wordt of leerlingen rationeel zijn. Immers,
voordat zo'n vergelijking gemaakt kan worden moet het daadwerkelijke gedrag van
leerlingen eerst geï nterpreteerd worden, en zo'n interpretatie kan alleen maar gegeven
worden voorzover dat gedrag (impliciet) herkend wordt als in belangrijke mate geleid
door gedeelde rationaliteitsnormen. In deze context is het misschien goed op te merken
dat een verder uitgewerkte versie van Davidsons interpretatietheorie volgens mij een
meer expliciete constructie van een didactische structuur mogelijk zal maken, alsmede
een meer expliciete interpretatie van (voldoend rijke) onderwijsleerprocessen die zich
daadwerkelijk hebben voorgedaan.
Waar het bij een vergelijking tussen scenario en daadwerkelijk optredend
onderwijsleerproces om gaat is dat de didactische structuur op die punten waar de twee
te zeer uit elkaar lopen verbeterd wordt. In de hoofdstukken 7 en 9 bespreek ik daar
enkele voorbeelden van4): leerlingen die een taak anders dan bedoeld opvatten door een
                                        
3. In hoofdstuk 8 wordt een didactische structuur van het onderwerp radioactiviteit gepresenteerd in de vorm
van een scenario.
4. In hoofdstuk 7 betreft het verbeteringen aan de eerste versie van de didactische structuur van radioactiviteit
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te vage formulering van de taak; leerlingen die de beoogde samenhang tussen
verschillende taken niet zien, doordat de respectieve situaties waarover die taken gaan
voor hen niet relevant hetzelfde zijn; leerlingen die een bepaalde taak niet als beoogd
kunnen uitvoeren omdat die taak onvoldoende is voorbereid; leerlingen die een beoogde
conclusie niet trekken, omdat de docent er voornamelijk op gericht was die conclusie uit
hen te trekken en daardoor veel meer hoorde in wat de leerlingen zeiden dan ze feitelijk
bedoelden; leerlingen die een bepaalde natuurwetenschappelijke term niet als bedoeld
hanteren doordat die prematuur is geï ntroduceerd. In zulke gevallen zijn meer of
minder ingrijpende verbeteringen nodig, variërend van herformuleringen van taken,
verwijderingen van oude en toevoegingen van nieuwe taken, tot structurele
veranderingen in de volgorde van taken, en van duidelijker aanwijzingen voor het
didactisch handelen tot ingrijpende aanpassingen in werkvormen. Zulke verbeteringen
leiden tot een herziening van de didactische structuur, en tot de verwachting dat een
daadwerkelijk optredend onderwijsleerproces aan de hand van de herziene opdrachten-
reeks en het herziene didactische handelen van de docent minder zal afwijken van het
herziene scenario.
   Zoals ik in hoofdstuk 7 aangeef, zullen zulke verbeteringen nooit tot een didactische
structuur kunnen leiden die exact voorspelt wat er in de klas zal gebeuren. Dat is echter
ook niet nodig. Het is voldoende dat middels de verbeteringen een didactische structuur
ontstaat die 'goed genoeg' is, die voldoende houvast biedt om het proces dat zich in de
klas voltrekt te begrijpen en begeleiden. In iedere klas echter zal dat proces op een wat
andere manier om het door de didactische structuur voorspelde pad kronkelen. Een
middels ontwikkelingsonderzoek empirisch ondersteunde didactische structuur die 'goed
genoeg' is, zou ik een stukje ß-didactische theorie willen noemen.5) Als uiteindelijk doel
van ß-didactisch onderzoek zie ik een samenhangende didactische structuur van de
natuurwetenschappen, die het gehele natuurwetenschappelijke onderwijs van begin
basisschool tot (in ieder geval) eind middelbare school overdekt.
Globale uitlijning van een didactische structuur
Hierboven heb ik aangegeven dat het goed zou zijn dat leerlingen in hun leerproces een
globaal inhoudelijk doel voor ogen hebben, een globaal beeld van waar wat ze aan het
doen zijn toe leidt en goed voor is. In hoofdstuk 6 bespreek ik, geï nspireerd door het
werk van van Hiele en ten Voorde, een min of meer natuurlijke volgorde in drie soorten
van zulke globale inhoudelijke doelen, die naar mijn indruk bruikbaar is om een
didactische structuur van een natuurwetenschappelijk onderwerp op een globale manier
uit te lijnen. De eerste soort bestaat in een globale motivering en betreft het allereerste
begin van een didactische structuur; de tweede soort bestaat in praktische problemen die
leerlingen zichzelf stellen; de derde in theoretische problemen.
   Een globale motivering voor een onderwerp maakt het voor leerlingen zinvol
                                                                                                              
die ik ontworpen heb; in hoofdstuk 9 aan de tweede (en laatste) versie, de versie die in detail beschreven is
in hoofdstuk 8.
5. In hoofdstuk 9 concludeer ik, naar aanleiding van een evaluatie van de in hoofdstuk 8 gepresenteerde didacti-
sche structuur van het onderwerp radioactiviteit, dat die didactische structuur een stukje natuurkunde-
didactische theorie vormt, mits daarin nog enkele aangegeven verbeteringen worden doorgevoerd.
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tenminste met een nadere bestudering van dat onderwerp te beginnen, en verschaft hen
tevens een voorlopig zicht op wat er ongeveer komen gaat. Een globale motivering zou
b.v. opgeroepen kunnen worden door het onderhavige onderwerp te relateren aan
bestaande interesses van leerlingen, te introduceren in de context van vragen die van
persoonlijk of maatschappelijk belang zijn, of door hen zelf de relevantie van het
onderwerp te laten formuleren. De praktische problemen maken leerlingen bewust dat er
voor hen iets te leren valt in een bepaalde richting, en betreffen b.v. een verrassend
element in een alledaagse situatie of onduidelijkheden in situaties die van praktisch
belang zijn. Het oproepen van praktische problemen zal vaak gepaard gaan aan, of zelfs
in gang gezet worden door, de introductie van specifieke beschrijvingswijzen. De
praktische problemen moeten zodanig opgeroepen worden dat het voor leerlingen
duidelijke problemen zijn, waaraan ze willen gaan werken in de verwachting dat ze
aldus tot b.v. een beter begrip van alledaagse situaties zullen komen, of tot antwoorden
op de maatschappelijk relevante vragen in de context waarvan het onderwerp
geï ntroduceerd is. Vanuit het perspectief van de curriculumontwerper moet de periode
waarin de praktische problemen opgeroepen worden zodanig zijn dat daarin voldoende
kiemen besloten liggen waarvan redelijkerwijs verwacht mag worden dat die zullen
uitgroeien tot functionele praktische kennis: specifieke beschrijvingswijzen en
generalisaties die in termen daarvan geformuleerd zijn, waarmee een veelheid aan
gebeurtenissen die van praktisch belang zijn verklaard en voorspeld kunnen worden met
een precisie die voor praktische doeleinden volstaat. Net als de praktische problemen,
maken ook de theoretische problemen leerlingen bewust dat er voor hen iets te leren valt
in een bepaalde richting, maar verschillen ze van praktische problemen wat betreft de
richting waarin ze wijzen. Ze zijn niet zozeer gericht op een beter begrip van praktische
situaties, maar op een beter begrip van de praktische kennis waarmee die praktische
situaties begrepen zijn. Ze kunnen b.v. opgeroepen worden door geconstateerde
gebreken in de beschrijvingswijzen die horen bij de praktische kennis. Wanneer de
theoretische problemen en de praktische kennis waaruit ze zijn ontstaan daartoe
voldoende kiemen bevatten, kunnen die theoretische problemen een globaal inhoudelijk
doel geven aan een proces dat leidt tot theoretische kennis: nieuwe beschrijvingswijzen
en generalisaties waarmee, uiteindelijk, meer gebeurtenissen met grotere precisie
verklaard en voorspeld kunnen worden.
   In hoofdstuk 6 wordt deze volgorde in drie soorten globale inhoudelijke doelen
geï llustreerd aan de hand van het onderwerp 'radioactiviteit'. In hoofdstuk 11 wordt de
bruikbaarheid daarvan verder geï llustreerd in het kader van een globale uitlijning van
een didactische structuur van het onderwerp 'warmte en temperatuur', en van een
didactische structuur die het gehele natuurwetenschappelijke onderwijs overdekt.
De rol van de docent
In hoofdstuk 10 ga ik nader in op de rol van de docent in een probleemstellende aanpak.
Het zal duidelijk zijn dat die rol anders is dan in veel gangbaar onderwijs. Doordat
leerlingen meer controle over en verantwoordelijkheid voor de inhoudelijke voortgang
van hun leerproces gegeven wordt, hoeft de docent de inhoudelijke voortgang b.v. niet
zo nadrukkelijk meer te trekken. Het is veeleer aan de docent die voortgang zo goed
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mogelijk te volgen en daar adequaat feedback op te geven. Verder verschuiven de
controle en verantwoordelijkheid van de docent in een meer op procedure dan op inhoud
gerichte richting. De docent zal erop toe moeten zien dat het proces gestructureerd
verloopt, en b.v. klassegesprekken in ordelijke banen moeten leiden. Dit moge genoeg-
zaam illustreren dat ook in een probleemstellende aanpak de docent een essentile rol
speelt6): een didactische structuur die 'goed genoeg' is kan niet zonder een docent die
bereid en in staat is daarmee te werken.
   Met betrekking tot de vraag wat ervoor nodig is opdat docenten daartoe bereid en in
staat zijn, kan ik alleen maar enkele suggesties doen. Wat betreft de bereidheid zal het
nodig zijn dat de didactische structuur in kwestie docenten op een pragmatisch intuï tief
niveau aanspreekt. Een presentatie van de didactische structuur in de vorm van een
scenario zou daartoe kunnen bijdragen, zeker wanneer die gelardeerd is met enkele
praktijkervaringen.7) Wat uiteindelijk de doorslag zal moeten geven, zoals het geval was
voor de docent waarmee ik in mijn onderzoek nauw heb samengewerkt, is dat docenten
vertrouwen krijgen in de aanpak doordat ze het in de praktijk zien werken: dat
leerlingen, mits geholpen door lesmateriaal en docent natuurlijk, inderdaad zelf hun
leerproces voortstuwen met hun inbreng, enthousiasme, ideeën en vragen, in een
richting die leidt tot inzichtelijke kennis. Echter, bereid zijn op een probleemstellende
manier te werken is één ding, daartoe in staat zijn een tweede. Wat dat tweede punt
betreft zal het nodig zijn dat docenten, net als de docent waarmee ik heb samengewerkt,
flexibel gebruik kunnen maken van een veelheid aan werkvormen. Wat daartoe zou
kunnen bijdragen weet ik niet, maar lijkt me zeer de moeite van nader onderzoek waard:
onderzoek waarin het 'wat' en het 'hoe' van lesgeven geï ntegreerd bestudeerd wordt.
                                        
6. De didactische structuur van het onderwerp radioactiviteit die in hoofdstuk 8 gepresenteerd is laat dit ook
concreet zien.
7. Men kan hierbij b.v. denken aan een verkorte combinatie van de hoofdstukken 8 en 9 uit dit proefschrift.
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